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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous 
electrolyte secondary battery with improved thermal 
stability, a load property, and a charging/discharging 
property without lowering a battery capacity and 
charging/discharging efficiency. 
SOLUTION: A positive electrode 1 1 used for the 
nonaqueous electrolyte secondary battery 10 contains a 
zirconium of not less than 0.01 mol% and not more than 
1.0 mol% formed by co-precipitation, a cobalt compound 
as a cobalt source to which magnesium and/or aluminum 
is added, and a lithium-containing cobalt complex oxide 
of a hexagonal system obtained by synthesizing with a 
lithium compound as a lithium source, expressed by a 
general formula: LiCo1-XMX02 (M=Zr, Mg, Al). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

It is the nonaqueous electrolyte secondary battery provided with positive active material in 
which occlusion and discharge of a lithium ion are possible, negative electrode active material 
in which occlusion and discharge of a lithium ion are possible, and a nonaqueous electrolyte, 
As for said positive active material, a zirconium receives cobalt volume according to 
coprecipitation. A cobalt compound as a source of cobalt in which it was added less than 1.0 
mol % at more than 0.01 mol %, and magnesium was added less than 3.0 mol % at more than 
0.01 mol % to cobalt volume, A nonaqueous electrolyte secondary battery, wherein a general 
formula obtained by composition with a lithium compound as a lithium source is a lithium 
content cobalt multiple oxide of a hexagonal system expressed with LiCo 1 X M X 0 2 (M=Zr, Mg). 

[Claim 2] 

The nonaqueous electrolyte secondary battery according to claim 1, wherein said cobalt 
compound is cobalt carbonate or cobalt hydroxide. 
[Claim 3] 

The nonaqueous electrolyte secondary battery according to claim 1 or 2, wherein, as for a 
lithium content cobalt multiple oxide of a hexagonal system by which said general formula is 
expressed with LiCo, V M Y CL (M=Zr, Mg), charging capacity does not have a phase transition 

near 125 mAh/g. 
[Claim 4] 

It is a manufacturing method of a nonaqueous electrolyte secondary battery provided with 
positive active material in which occlusion and discharge of a lithium ion are possible, negative 
electrode active material in which occlusion and discharge of a lithium ion are possible, and a 
nonaqueous electrolyte, 

A coprecipitation process made to coprecipitate so that a zirconium may be added at more 
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than 0.01 mol % and less than 1.0 mol % and magnesium may be added less than 3.0 mol % 
at more than 0.01 mol % to cobalt volume by initial cobalt compound for carrying out pyrolysis 
generation of the cobalt compound used as a source of cobalt, 

A mixing process which mixes the 1st ingredient that consists of a cobalt compound in which 
said zirconium and magnesium coprecipitated, and the 2nd ingredient that consists of a lithium 
compound used as a lithium source, and is used as a mixture, 

A manufacturing method of a nonaqueous electrolyte secondary battery provided with a baking 
process which calcinates said mixture. 
[Claim 5] 

It is the nonaqueous electrolyte secondary battery provided with positive active material in 
which occlusion and discharge of a lithium ion are possible, negative electrode active material 
in which occlusion and discharge of a lithium ion are possible, and a nonaqueous electrolyte, 
As for said positive active material, a zirconium receives cobalt volume according to 
coprecipitation. A cobalt compound as a source of cobalt in which it was added less than 1.0 
mol % at more than 0.01 mol %, and aluminum was added less than 3.0 mol % at more than 
0.01 mol % to cobalt volume, A nonaqueous electrolyte secondary battery, wherein a general 
formula obtained by composition with a lithium compound as a lithium source is a lithium 
content cobalt multiple oxide of a hexagonal system expressed with LiCo^lV^C^ (M=Zr, 

aluminum). 
[Claim 6] 

The nonaqueous electrolyte secondary battery according to claim 5, wherein said cobalt 
compound is cobalt carbonate or cobalt hydroxide. 
[Claim 7] 

The nonaqueous electrolyte secondary battery according to claim 5 or 6, wherein, as for a 
lithium content cobalt multiple oxide of a hexagonal system by which said general formula is 
expressed with LiCo. v M v O. (M=Zr, aluminum), charging capacity does not have a phase 

transition near 125 mAh/g. 
[Claim 8] 

It is a manufacturing method of a nonaqueous electrolyte secondary battery provided with 
positive active material in which occlusion and discharge of a lithium ion are possible, negative 
electrode active material in which occlusion and discharge of a lithium ion are possible, and a 
nonaqueous electrolyte, 

A coprecipitation process made to coprecipitate so that a zirconium may be added at more 
than 0.01 mol % and less than 1.0 mol % and aluminum may be added less than 3.0 mol % at 
more than 0.01 mol % to cobalt volume by initial cobalt compound for carrying out pyrolysis 
generation of the cobalt compound used as a source of cobalt, 

A mixing process which mixes the 1st ingredient that consists of a cobalt compound in which 
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said zirconium and aluminum coprecipitated, and the 2nd ingredient that consists of a lithium 
compound used as a lithium source, and is used as a mixture, 

A manufacturing method of a nonaqueous electrolyte secondary battery provided with a baking 
process which calcinates said mixture. 
[Claim 9] 

It is the nonaqueous electrolyte secondary battery provided with positive active material in 
which occlusion and discharge of a lithium ion are possible, negative electrode active material 
in which occlusion and discharge of a lithium ion are possible, and a nonaqueous electrolyte, 
Said positive active material at more than 0.01 mol % to cobalt volume according to 
coprecipitation A zirconium not more than 1 .0 mol %, A cobalt compound as a source of cobalt 
in which magnesium and aluminum were added, A nonaqueous electrolyte secondary battery, 
wherein a general formula obtained by composition with a lithium compound as a lithium 
source is a lithium content cobalt multiple oxide of a hexagonal system expressed with LiCo^ 

V M Y 0_ (M=Zr, Mg, aluminum). 

X X 2. 

[Claim 10] 

The nonaqueous electrolyte secondary battery according to claim 9, wherein an addition of 
said magnesium is less than 3.0 mol % in more than 0.01 mol % to cobalt volume and an 
addition of said aluminum is less than 3.0 mol % in more than 0.01 mol % to cobalt volume. 
[Claim 11] 

The nonaqueous electrolyte secondary battery according to claim 9 or 10, wherein said cobalt 
compound is cobalt carbonate or cobalt hydroxide. 
[Claim 12] 

Said general formula LiCo. Y M O . The nonaqueous electrolyte secondary battery according 

I -X X z 

to any one of claims 9 to 1 1, wherein, as for a lithium content cobalt multiple oxide of a 
hexagonal system expressed with (M=Zr, Mg, aluminum), charging capacity does not have a 
phase transition near 125 mAh/g. 
[Claim 13] 

It is a manufacturing method of a nonaqueous electrolyte secondary battery provided with 
positive active material in which occlusion and discharge of a lithium ion are possible, negative 
electrode active material in which occlusion and discharge of a lithium ion are possible, and a 
nonaqueous electrolyte, 

An initial cobalt compound for carrying out pyrolysis generation of the cobalt compound used 
as a source of cobalt is received at cobalt volume, A zirconium is a coprecipitation process 
made to coprecipitate so that less than 1 .0 mol % and magnesium may be added at more than 
0.01 mol % and less than 3.0 mol % and aluminum may be added less than 3.0 mol % at more 
than 0.01 mol % at more than 0.01 mol %, 
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A mixing process which mixes the 1st ingredient that consists of a cobalt compound in which 
said zirconium, magnesium, and aluminum coprecipitated, and the 2nd ingredient that consists 
of a lithium compound used as a lithium source, and is used as a mixture, 
A manufacturing method of a nonaqueous electrolyte secondary battery provided with a baking 
process which calcinates said mixture. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to a nonaqueous electrolyte secondary battery provided with the positive 
active material in which the occlusion and discharge of a lithium ion are possible, the negative 
electrode active material in which the occlusion and discharge of a lithium ion are possible, 
and a nonaqueous electrolyte, and a manufacturing method for the same. 
[Background of the Invention] 
[0002] 

In recent years as a cell used for a portable electron, communication equipment, etc., such as 
a small video camera, a cellular phone, and a notebook computer, Use a lithium ion as 
negative electrode active material, and occlusion, the alloy which can be emitted, or a carbon 
material Cobalt acid lithium (LiCo0 2 ), the nonaqueous electrolyte secondary battery which 

uses lithium containing transition metal oxides, such as nickel acid lithium (LiNi0 2 ) and 

manganic acid lithium (LiMn 2 0 4 ), as positive active material - a small light weight ~ and it 

came to be put in practical use as a chargeable and dischargeable cell in high capacity. 
[0003] 

If it is in nickel acid lithium (LiNi0 2 ) among the lithium containing transition metal oxides used 

for the positive active material of the nonaqueous electrolyte secondary battery mentioned 
above, While it had the feature of being high capacity, it was inferior to safety, and since it had 
the fault that excess voltage was large, it was inferior to cobalt acid lithium. If it was in 
manganic acid lithium (LiMn 2 0 4 ), while it had the feature that resources are abundant and that 

it is cheap, since it was with low energy density and had the fault that manganese itself 
dissolved at an elevated temperature, it was inferior to cobalt acid lithium. For this reason, in 
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the present, it is in use to use cobalt acid lithium (LiCo0 2 ) as a lithium containing transition 

metal oxide. 
[0004] 

By the way, since cobalt acid lithium (LiCo0 2 ) is put to the potential beyond 4V to lithium, if this 

is used for the positive active material of a nonaqueous electrolyte secondary battery, 
whenever it repeats a charging and discharging cycle, cobalt will come to be eluted from an 
anode. For this reason, the anode deteriorated and the problem that the capacitance 
characteristics after a charging and discharging cycle and a load characteristic fell was 
produced. Then, the lithium content cobalt multiple oxide expressed with general formula 
LiCo 1 X M X 0 2 b y which the different species elements M, such as V, Cr, Fe, Mn, nickel, 

aluminum, Ti, and Zr, were added at the time of composition of cobalt acid lithium for example, 

It came to be proposed with the patent documents 1-7. 

[0005] 

In the lithium content cobalt multiple oxide expressed with general formula LiCo M O 

proposed with these patent documents 1-7, Since elution of cobalt to the inside of an 
electrolysis solution is controlled compared with cobalt acid lithium (LiCo0 2 ), load performance 

and charge-and-discharge cycle performance come to improve. 

[Patent documents 1] JP,4-319260,A 

[Patent documents 2] JP,2000-123834,A 

[Patent documents 3] JP,2001-319652,A 

[Patent documents 4] JP,2002-1 98051 ,A 

[Patent documents 5] JP,2001-273896,A 

[Patent documents 6] JP,2001-068167,A 

[Patent documents 7] JP,2004-047437,A 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0006] . 

However, in order not to contribute a different species element to a cell reaction (charge-and- 
discharge reaction) in the lithium content cobalt multiple oxide in which the different species 
element proposed with the patent documents 1-7 mentioned above was added, While the 
addition of these different species elements followed on increasing and cell capacity fell, the 
problem that charge and discharge efficiency also fell was produced. Since crystallinity would 
fall if a different species element is added, while thermal stability also fell, the problem that 
load performance also fell was also produced. The room for an improvement is plentifully left 
behind also about charge-and-discharge cycle performance. 
[0007] 
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Then, it aims at providing the nonaqueous electrolyte secondary battery thermal stability, load 
performance, and whose charge-and-discharge cycle performance improved, without reducing 
cell capacity and charge and discharge efficiency in this invention. 
[Means for Solving the Problem] 
[0008] 

In order to attain the above-mentioned purpose, a nonaqueous electrolyte secondary battery of 
this invention, A zirconium is added by coprecipitation less than 1 .0 mol % at more than 0.01 
mol % to cobalt volume, and magnesium or/and aluminum receive cobalt volume. A cobalt 
compound as a source of cobalt added less than 3.0 mol % at more than 0.01 mol %, A 
general formula obtained by composition with a lithium compound as a lithium source is 
provided with a lithium content cobalt multiple oxide of a hexagonal system expressed with 
LiCo V M 0 0 (M=Zr, Mg, or/and aluminum) as positive active material. 

[0009] 

According to coprecipitation here at the time of composition of cobalt compounds, such as 
cobalt carbonate and cobalt hydroxide, a zirconium, Magnesium. Or/. Compared with a case 
where a zirconium, magnesium, or/and aluminum are added at the time of calcination of a 
lithium content cobalt multiple oxide, in a small quantity, homogeneously [ when aluminum is 
added ] on the surface of a lithium content cobalt multiple oxide And a zirconium and 
magnesium. Or/and, aluminum comes to be added. In this case, it became clear that a 
performance improvement effect is acquired, without being accompanied by capacity lowering 
at the time of composition of a cobalt compound, when a zirconium was added less than 1.0 
mol % at more than 0.01 mol % to cobalt volume according to coprecipitation. 
[0010] 

moreover - usually - the time of mixed calcination of a source of cobalt, and a lithium source - 
- magnesium or/and aluminum - 3.00-mol % - charging capacity produces a phase transition 
near 125 mAh/g, and performances of a lithium content cobalt multiple oxide added, such as 
safe performance and charge-and-discharge cycle performance, do not improve. However, in 
addition to addition of a zirconium, charging capacity does not produce a phase transition near 
125 mAh/g, and thermal stability (safe performance) and charge-and-discharge cycle 
performance of a lithium content cobalt multiple oxide which carried out coprecipitation addition 
of magnesium or/and the aluminum simultaneously improve. 
[0011] 

If this carries out coprecipitation addition of magnesium or/and the aluminum simultaneously in 
addition to addition of a zirconium, Elution depressor effect of cobalt by addition of a zirconium, 
and depressor effect of a phase transition by addition of magnesium or/and aluminum and an 
effect which crystal growth promotes are compatible, and it thinks because it became 
improvable [ the remarkable characteristic ] according to these synergistic effects. 
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[0012] 

And in order to obtain the above positive active material. An initial cobalt compound for 
carrying out pyrolysis generation of the cobalt compound used as a source of cobalt is 
received at cobalt volume, A coprecipitation process made to coprecipitate so that a zirconium 
may be added at more than 0.01 mol % and less than 1.0 mol %, magnesium, or/and 
aluminum may be added less than 3.0 mol % at more than 0.01 mol %, What is necessary is 
just to have a mixing process which mixes the 1st ingredient that consists of a cobalt 
compound in which a zirconium, and magnesium or/and aluminum coprecipitated, and the 2nd 
ingredient that consists of a lithium compound used as a lithium source, and is used as a 
mixture, and a baking process which calcinates this mixture. 
[0013] 

* In this invention, while excelling in thermal stability and showing high safety, a charge- 
discharge cycle characteristic improves, and in order to provide a nonaqueous electrolyte 
secondary battery which controlled degradation at the time of charge preservation, the feature 
is in a point using specific positive active material. Therefore, a material more publicly known 
than before can be used about a negative pole material, a separator material, nonaqueous 
electrolyte material, and binder material. 
[Effect of the Invention] 
[0014] 

In this invention, at the time of composition of the cobalt compound (for example, cobalt 
carbonate, cobalt hydroxide) as a source of cobalt, according to coprecipitation. A zirconium is 
added less than 1.0 mol % at more than 0.01 mol % to cobalt volume, and magnesium or/and 
aluminum receive cobalt volume. The cobalt compound as a source of cobalt added less than 
3.0 mol % at more than 0.01 mol %, He is trying for the general formula obtained by 
composition with the lithium compound as a lithium source to use the lithium content cobalt 
multiple oxide of the hexagonal system expressed with LiCo 1)( M x 0 2 (M=Zr, Mg, or/and 

aluminum) as positive active material. Thereby, it becomes possible by addition of a small 
quantity of a zirconium to obtain the nonaqueous electrolyte secondary battery thermal 
stability, load performance, and whose charge-and-discharge cycle performance improved, 
without reducing cell capacity and charge and discharge efficiency. 
[Best Mode of Carrying Out the Invention] 
[0015] 

Subsequently, although an embodiment of the invention is described in detail based on. 
drawing 1 and drawing 2 , in the range which is not limited to this embodiment at all and does 
not change the purpose of this invention, it changes suitably and this invention can be carried 
out. Drawing 1 is a figure showing the charging curve of an anode, drawing 2 shows typically 
the state where the important section of the nonaqueous electrolyte battery of this invention 
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was fractured to the lengthwise direction it is a fracture perspective view in part. 
[0016] 

1 . Production of anode 

(1) Production of the cobalt multiple oxide in which Zr and Mg were added 

First, sodium bicarbonate (NaHC0 3 ) after adding the zirconium sulfate (Zr(S0 4 ) 2 ) and 

magnesium sulfate (MgS0 4 ) of the specified quantity in a cobalt sulfate (CoS0 4 ) solution. A 

zirconium (Zr) and magnesium (Mg) were made to coprecipitate by adding at the time of cobalt 
carbonate (CoC0 3 ) composition. Then, the tricobalt tetroxide (Co 3 0 4 ) in which the zirconium 

and magnesium as a starting material of the source of cobalt were added by the thermal 

decomposition reaction in these was obtained. 

[0017] 

Subsequently, after preparing lithium carbonate (Li 2 C0 3 ) as a starting material of a lithium 

source, weighing was carried out so that the mole ratio of lithium and cobalt might be set to 
1:1. Subsequently, after mixing these with a mortar, the obtained mixture was calcinated at 
850 ** in the air for 20 hours, and a zirconium and magnesium compounded the baking body of 
the lithium content cobalt multiple oxide (LiCk^ X M X 0 2 (M=Zr, Mg)) added by the surface. 

Then, the compound baking body was ground until mean particle diameter was set to 10 

micrometers, and it was considered as positive active material. 

[0018] 

The addition of a zirconium (Zr) to cobalt volume here at 0.50-mol%. So that positive active 
material compounded so that the addition of magnesium (Mg) might be 0.01 -mol% may be 
used as the positive active material a1 and the addition of magnesium (Mg) may be 0.50- 
mol%. So that compounded positive active material may be used as the positive active 
material a2 and the addition of magnesium (Mg) may be 1.00-mol%. Compounded positive 
active material was used as the positive active material a3, positive active material 
compounded so that the addition of magnesium (Mg) might be 2.00-mol% was used as the 
positive active material a4, and positive active material compounded so that the addition of 
magnesium (Mg) might be 3.00-mol% was used as the positive active material a5. 
[0019] 

The addition of the zirconium (Zr) made positive active material compounded at 0.50-mol% so 
that the addition of magnesium (Mg) might be 4.00-mol% the cathode active material volume 
a6, and magnesium (Mg) used as the positive active material x1 positive active material 
compounded by additive-free. The addition of a zirconium (Zr) is the value produced by ICP 
(Inductively Coupled Plasma; plasma emission spectrometry) analyzing, and the addition of 
magnesium (Mg) is the value produced by analyzing with an atomic absorption method. 
[0020] 
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(2) Production of the cobalt multiple oxide in which Zr and aluminum were added 
First, sodium bicarbonate (NaHC0 3 ) after adding the zirconium sulfate (Zr(S0 4 ) 2 ) and 

aluminum sulfate (aluminum 2 (S0 4 ) 3 ) of the specified quantity in a cobalt sulfate (CoS0 4 ) 

solution. A zirconium (Zr) and aluminum (aluminum) were made to coprecipitate by adding at 
the time of cobalt carbonate (CoC0 3 ) composition. Then, the tricobalt tetroxide (Co 3 0 4 ) in 

which the zirconium and aluminum as a starting material of the source of cobalt were added by 

the thermal decomposition reaction in these was obtained. 

[0021] 

Subsequently, after preparing lithium carbonate (Li 2 C0 3 ) as a starting material of a lithium 

source, weighing was carried out so that the mole ratio of lithium and cobalt might be set to 
1:1. Subsequently, after mixing these with a mortar, the obtained mixture was calcinated at 
850 ** in the air for 20 hours, and a zirconium and aluminum compounded the baking body of 
the lithium content cobalt multiple oxide (LiCo 1 _ X M X 0 2 (M=Zr, aluminum)) added by the 
surface. Then, the compound baking body was ground until mean particle diameter was set to 
10 micrometers, and it was considered as positive active material. 
[0022] 

The addition of a zirconium (Zr) to cobalt volume here at 0.50-mol%. So that positive active 
material compounded so that the addition of aluminum (aluminum) might be 0.01 -mol% may 
be used as the positive active material b1 and the addition of aluminum (aluminum) may be 
0.50-mol%. So that compounded positive active material may be used as the positive active 
material b2 and the addition of aluminum (aluminum) may be 1.00-mol%. Compounded 
positive active material was used as the positive active material b3, positive active material 
compounded so that the addition of aluminum (aluminum) might be 2.00-mol% was used as 
the positive active material b4, and positive active material compounded so that the addition of 
aluminum (aluminum) might be 3.00-mol% was used as the positive active material b5. The 
addition of the zirconium (Zr) made positive active material compounded at 0.50-mol% so that 
the addition of aluminum (aluminum) might be 4.00-mol% the cathode active material volume 
b6. The addition of a zirconium (Zr) and aluminum (aluminum) is the value produced by ICP 
(Inductively Coupled Plasma; plasma emission spectrometry) analyzing. 
[0023] 

(3) Production of the cobalt multiple oxide in which Zr, and Mg and aluminum were added 
First, in a cobalt sulfate (CoS0 4 ) solution the zirconium sulfate (Zr(S0 4 ) 2 ), magnesium sulfate 

(MgS0 4 ), and aluminum sulfate (aluminum 2 (S0 4 ) 3 ) of the specified quantity. After adding, a 

zirconium (Zr), and magnesium (Mg) and aluminum (aluminum) were made to coprecipitate by 
adding sodium bicarbonate (NaHC0 3 ) at the time of cobalt carbonate (CoC0 3 ) composition. 
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Then, the tricobalt tetroxide (Co O ) in which the zirconium, magnesium, and aluminum as a 

starting material of the source of cobalt were added by the thermal decomposition reaction in 

these was obtained. 

[0024] 

Subsequently, after preparing lithium carbonate (Li 2 C0 3 ) as a starting material of a lithium 

source, weighing was carried out so that the mole ratio of lithium and cobalt might be set to 
1:1. Subsequently, after mixing these with a mortar, the obtained mixture is calcinated at 850 
** in the air for 20 hours, A zirconium, magnesium, and aluminum compounded the baking 
body of the lithium content cobalt multiple oxide (LiCo 1 X M X 0 2 (M=Zr, Mg, aluminum)) added 

by the surface. Then, the compound baking body was ground until mean particle diameter was 

set to 10 micrometers, and it was considered as positive active material. 

[0025] 

Here, to cobalt volume, the addition of a zirconium (Zr) is 0.50-mol%, and the addition of 
magnesium (Mg) used as the positive active material d positive active material compounded 
so that the addition of aluminum (aluminum) might be 0.01-mol% at 1.00-mol%. The addition of 
a zirconium and magnesium is the same as that of above-mentioned c1 , So that positive active 
material compounded so that the addition of aluminum (aluminum) might be 0.50-mol% may 
be used as the positive active material c2 and the addition of aluminum (aluminum) may be 
1.00-mol%. Compounded positive active material was used as the positive active material c3, 
positive active material compounded so that the addition of aluminum (aluminum) might be 
2.00-mol% was used as the positive active material c4, and positive active material 
compounded so that the addition of aluminum (aluminum) might be 3.00-mol% was used as 
the positive active material c5. The addition of a zirconium and magnesium was the same as 
that of above-mentioned c1 , and made positive active material compounded so that the 
addition of aluminum (aluminum) might be 4.00-mol% the cathode active material volume c6. 
[0026] 

To cobalt volume, the addition of a zirconium (Zr) is 0.50-mol%, and the addition of aluminum 
(aluminum) used as the positive active material d1 positive active material compounded so that 
the addition of magnesium (Mg) might be 0.01 -mol% at 1.00-mol%. The addition of a zirconium 
and aluminum is the same as that of above-mentioned d1, So that positive active material 
compounded so that the addition of magnesium (Mg) might be 0.50-mol% may be used as the 
positive active material d2 and the addition of magnesium (Mg) may be 2.00-mol%. 
Compounded positive active material was used as the positive active material d4, and positive 
active material compounded so that the addition of magnesium (Mg) might be 3.00-mol% was 
used as the positive active material d5. The addition of a zirconium and aluminum was the 
same as that of above-mentioned d1, and made positive active material compounded so that 
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the addition of magnesium (Mg) might be 4.00-mol% the cathode active material volume d6. 
The addition of a zirconium (Zr) and aluminum (aluminum) is the value produced by ICP 
(Inductivery Coupled Plasma; plasma emission spectrometry) analyzing, and the addition of 
magnesium (Mg) is the value produced by analyzing with an atomic absorption method. 
[0027] 

Subsequently, each of such positive active material using each positive active material a1-a6 
produced as mentioned above, x1, b1-b6, c1-c6, and d1-d6 by 85 mass parts. By ten mass 
parts, the carbon powder end as a conducting agent was mixed so that the polyvinylidene 
fluoride (PVdF) powder as a binder might serve as five mass parts, and it produced positive 
electrode mixture. Subsequently, the obtained positive electrode mixture is mixed with N- 
methyl pyrrolidone (NMP). After considering it as an anode slurry, this anode slurry was 
applied to 20-micrometer-thick both sides of a positive pole collector (aluminium foil or 
aluminum alloy foil) with the doctor blade method, and the active material layer was formed in 
both sides of a positive pole collector. After drying this, it rolled until it became predetermined 
thickness (for example, 170 micrometers) using the compression roll, and it cut to the 
prescribed dimension (at 55 mm, the length of width is 500 mm), and the anode 11 was 
produced, respectively. 
[0028] 

Subsequently, it is made above. 1 mol/l. of LiPFg is dissolved in the constant volume mixed 

solvent which makes a lithium metal counter each produced anode 1 1 , and consists these of 
ethylene carbonate (EC) and diethyl carbonate (DEC). It was immersed into the prepared 
organic electrolysis liquid, the potential action at the time of charging at the current rate of 300 
mA was plotted, and it asked for the charging curve. Then, in the anode 1 1 using the positive 
active material x1 , as shown in drawing 1 (a), the point of inflection H resulting from a phase 
transition was observed in the charging curve near 125 mAh/g. On the other hand, in the 
anode 11 using the positive active material a1-a6, b1-b6, c1 - c6 ****, as shown in drawing 1 
(b), the point of inflection which originates in a phase transition at the charging curve near 125 
mAh/g was not accepted. Although drawing 1 (b) showed the charging curve of the anode 1 1 
which used the positive active material a3, the almost same charging curve was obtained also 
in the anode 11 using the positive active material a1-a6 except the positive active material a3 
and b1-b6, d -c6. 
[0029] 

2. Production of negative electrode 

By 95 mass parts, after the end of natural graphite powder was mixed so that the 
polyvinylidene fluoride (PVdF) powder as a binder might serve as five mass parts, it mixed this 
with N-methyl pyrrolidone (NMP), and considered it as the negative-electrode slurry. Then, the 
obtained negative-electrode slurry was applied to 18-micrometer-thick both sides of a negative 
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pole collector (copper foil) with the doctor blade method, and the active material layer was 
formed in both sides of a negative pole collector. After drying this, it rolled until it became 
predetermined thickness (for example, 155 micrometers) using the compression roll, and it cut 
to the prescribed dimension (at 57 mm, the length of width is 550 mm), and the negative 
electrode 12 was produced. 
[0030] 

3. Production of nonaqueous electrolyte secondary battery 

Subsequently, after making the separator 13 which consists of fine porous membrane made 
from polyethylene among these intervene using the anode 1 1 and the negative electrode 12 
which were produced as mentioned above and piling up, this was spirally wound by the winder 
and the spiral electrode group was produced. Then, as shown in drawing 2, after having 
arranged the electric insulating plates 14 and 14 to the upper and lower sides of a spiral 
electrode group, respectively, it inserted from the opening into the cylindrical shape armor can 
15 of the shape of a cylinder like object with base which serves as the iron negative pole 
terminals which performed the nickel plate for these spiral electrode groups to the surface, 
respectively. Subsequently, the negative electrode lead 12a which extends from the negative 
electrode 12 of a spiral electrode group was welded to the inner bottom of the armor can 15. 
On the other hand, the positive electrode lead 11a which extends from the anode 1 1 of a spiral 
electrode group was welded to the undersurface of the lid 16b of the obturation object 16. 
[0031] 

Then, the organic electrolysis liquid which dissolved 1 mol/l. of LiPF 6 in the constant volume 

mixed solvent which consists of ethylene carbonate (EC) and diethyl carbonate (DEC) in the 
armor can 15, and was prepared was poured in. Subsequently, while laying the cylindrical 
gasket 17 in the opening of the armor can 15 by the product made from polypropylene (PP), 
the obturation object 16 was laid in the inside of this gasket 17. Then, obturate by closing the 
upper bed part of the opening of the armor can 15 to an inner direction, and a diameter at 18 
mm. In height (length), design capacity produced the nonaqueous electrolyte battery 10 (A1- 
A6, B1 - B6, C1-C6, D1-D6 (however, D3 removes), and X1) of 1600mAh at 65 mm, 
respectively. 
[0032] 

Here the positive active material a1. The used nonaqueous electrolyte battery. Consider it as 
the cell A1 and the positive active material a2. The used nonaqueous electrolyte battery was 
used as the cell A2, the nonaqueous electrolyte battery using the positive active material a3 
was made into cell A3, the nonaqueous electrolyte battery using the positive active material a4 
was made into cell A4, the nonaqueous electrolyte battery using the positive active material a5 
was made into cell A5, and the nonaqueous electrolyte battery using the positive active 
material a6 was used as the cell A6. The positive active material b1. The used nonaqueous 
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electrolyte battery. Consider it as the cell B1 and the positive active material b2. The used 
nonaqueous electrolyte battery was made into cell B-2, the nonaqueous electrolyte battery 
using the positive active material b3 was used as the cell B3, the nonaqueous electrolyte 
battery using the positive active material b4 was made into cell B4, the nonaqueous electrolyte 
battery using the positive active material b5 was made into cell B5, and the nonaqueous 
electrolyte battery using the positive active material b6 was made into cell B6. 
[0033] 

The positive active material d . The used nonaqueous electrolyte battery. Consider it as the 
cell C1 and the positive active material c2. The used nonaqueous electrolyte battery was used 
as the cell C2, the nonaqueous electrolyte battery using the positive active material c3 was 
used as the cell C3, the nonaqueous electrolyte battery using the positive active material c4 
was used as the cell C4, the nonaqueous electrolyte battery using the positive active material 
c5 was used as the cell C5, and the nonaqueous electrolyte battery using the positive active 
material c6 was used as the cell C6. The positive active material d1. The used nonaqueous 
electrolyte battery was used as the cell D1, the nonaqueous electrolyte battery using the 
positive active material d2 was used as the cell D2, the nonaqueous electrolyte battery using 
the positive active material d4 was used as the cell D4, the nonaqueous electrolyte battery 
using the positive active material d5 was used as the cell D5, and the nonaqueous electrolyte 
battery using the positive active material d6 was used as the cell D6. The nonaqueous 
electrolyte battery using the positive active material x1 was used as the cell X1 . 
[0034] 

The obturation object 16 is provided with the anode cap 16a used as a positive pole terminal, 
and the lid 16b which closes the opening of the armor can 15. And the conductive elastic 
deformation board 18 which will deform if the gas pressure inside a cell goes up and it reaches 
at a predetermined setting pressure (for example, 14MPa) in the obturation object 16 which 
consists of these anode caps 16a and lids 16b, A rise of temperature allocates the PTC 
(Positive Temperature Coefficient) element 19 for which resistance increases. If an over- 
current flows into a cell and an unusual exothermic phenomenon is produced by this, 
resistance will increase and PTC element 19 will decrease an over-current. And if the gas 
pressure inside a cell goes up and it becomes more than a predetermined setting pressure (for 
example, 14MPa), the conductive elastic deformation board 18 will deform, contact with the 
conductive elastic deformation board 18 and the lid 16b is intercepted, and an over-current or 
a short-circuit current comes to be intercepted. 
[0035] 

4. Measurement of battery characteristic 

(1) Thermometric analysis of a charge anode (measurement of DSC exothermic starting 
temperature) 
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Subsequently, using each of these cells A1-A6, B1 - B6, C1-C6, D1-D6 (however, D3 
removes), and X1, it was 25 ** temperature environment, it was 100-mA charging current, and 
constant current charge was carried out until cell voltage was set to 4.2V. Then, each of these 
cells were disassembled all over the dry box, the anode was taken out, vacuum drying was 
washed and carried out by dimethyl carbonate, and the specimen was obtained. After adding 1 
mg of ethylene carbonate to 4 mg of these specimens, it obturated in the cell made from 
aluminum under argon atmosphere. Subsequently, these cells are put into a differential 
scanning calorimeter (DSC), the heating rate carried out temperature up by 5 ** / min, and 
when the temperature (DSC exothermic starting temperature) to which each test piece starts 
self-generation of heat was measured, a result as shown in the following table 1 was brought. 
[0036] 

(2) Initial capacity 

It is 25 ** temperature environment using each of these cells A1-A6, B1 - B6, C1-C6, D1-D6 
(however, D3 removes), and X1, It was 1600 mA (numerical value as which 1 It: It is expressed 
in rated capacity (mAh) / 1h (time)) charging current, and constant potential charge was carried 
out after carrying out constant current charge until cell voltage was set to 4.2V until end current 
was set to 30 mA with the constant voltage whose cell voltage is 4.2V. Then, when the charge 
and discharge of making it discharge until cell voltage is set to 2.75V by 1600 mA (1 It) 
discharge current were performed only once and the service capacity (initial capacity) of 1 
cycle eye was calculated from the charging time value, a result as shown in the following table 
1 was brought. 
[0037] 

(3) Load performance 

Similarly it is 25 ** temperature environment using each of these cells A1-A6, B1 - B6, C1-C6, 
D1-D6 (however, D3 removes), and X1, Constant potential charge was carried out after 
carrying out constant current charge by 1600 mA (1 It) charging current until cell voltage was 
set to 4.2V until end current was set to 30 mA with the constant voltage whose cell voltage is 
4.2V. Then, it was made to discharge until cell voltage was set to 2.75V by 1600 mA (1lt) 
discharge current, and this was made into the charge and discharge of 1 cycle eye. Then, 
constant potential charge was carried out after carrying out constant current charge by 1600 
mA (1lt) charging current until cell voltage was set to 4.2V until end current was set to 30 mA 
with the constant voltage whose cell voltage is 4.2V. Then, it was made to discharge until cell 
voltage was set to 2.75V by 4800 mA (3lt) discharge current, and this was made into the 
charge and discharge of a two-cycle eye. Subsequently, when asked for the ratio (%) of the 
service capacity of the two-cycle eye to the service capacity of 1 cycle eye as load 
performance (%), a result as shown in the following table 1 was brought. 
[0038] 
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(4) 25 ** charging and discharging cycle capacity maintenance rate 

It is 25 ** temperature environment using each of these cells A1-A6, B1 - B6, C1-C6, D1-D6 
(however, D3 removes), and X1, Constant potential charge was carried out after carrying out 
constant current charge by 1600 mA (1lt) charging current until cell voltage was set to 4.2V 
until end current was set to 30 mA with the constant voltage whose cell voltage is 4.2V. Then, 
it was made to discharge until cell voltage was set to 2.75V by 1600 mA ( 1 1t) discharge 
current, and this was made into the charge and discharge of 1 cycle eye. Subsequently, when 
asked for the ratio (%) of the service capacity of a 300 cycle eye [ as opposed to the service 
capacity of 300 cycle repetition ****** and 1 cycle eye for such charge and discharge ] as a 
charging and discharging cycle capacity maintenance rate (%) in 25 **, a result as shown in 
the following table 1 was brought. 
[0039] 

(5) 60 ** charging and discharging cycle capacity maintenance rate 

It is 60 ** temperature environment using each of these cells A1-A6, B1 - B6, C1-C6, D1-D6 
(however, D3 removes), and X1, Constant potential charge was carried out after carrying out 
constant current charge by 1600 mA (1 It) charging current until cell voltage was set to 4.2V 
until end current was set to 30 mA with the constant voltage whose cell voltage is 4.2V. Then, 
it was made to discharge until cell voltage was set to 2.75V by 1600 mA (1lt) discharge 
current, and this was made into the charge and discharge of 1 cycle eye. Subsequently, when 
asked for the ratio (%) of the service capacity of a 300 cycle eye [ as opposed to the service 
capacity of 300 cycle repetition ****** and 1 cycle eye for such charge and discharge ] as a 
charging and discharging cycle capacity maintenance rate (%) in 60 **, a result as shown in 
the following table 1 was brought. 
[0040] 

(6) Charge internal short circuit examination 

It is 1600 mA (1 It) charging current, using respectively each of these cells A1-A6, B1 - B6, C1- 
C6, D1-D6 (however, D3 removes), and X1 every ten pieces, Constant potential charge was 
carried out after carrying out constant current charge until cell voltage was set to 4.4V until end 
current was set to 30 mA with the constant voltage whose cell voltage is 4.4V. Then, when iron 
nails 3 mm in diameter were made to penetrate near the center of each cell and a cell burned, 
the charge internal short circuit examination judge that is unusual was done, and when asked 
for the number which abnormalities generated, a result as shown in the following table 1 was 
brought. On the usual cell service condition, charge voltages are 4.1 -4.2V, and are not set in 
such the state. 
[0041] 

(7) Existence of a phase transition 

The case where made into those with a phase transition the case where the point of inflection 
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where charging capacity originates in a phase transition at the charge-and-discharge curve 
near 125 mAh/g was seen when the charge and discharge of each cells A1-A6, B1 - B6, C1- 
C6, D1-D6 (however, D3 removes), and X1 are carried out, and the point of inflection is not 
seen. As a result of doing the examination judged as having no phase transition, a result as 
shown in the following table 1 was brought. 
[Table 1] 
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[0042] 

When the addition of magnesium (Mg) becomes more than 0.01 mol% to cobalt volume so that 
clearly from the result of the above-mentioned table 1 , it turns out that DSC exothermic starting 
temperature (**) rises and the capacity maintenance rate (%) after the 300 cycles in 25 ** and 
60 ** is improving notably. If the addition of magnesium (Mg) becomes more than 0.01 mol% to 
cobalt volume, since the phase transition was controlled for charging capacity near 125 mAh/g 
and the crystal structure was stabilized as shown in drawing 1 (b), this can be guessed. Then, 
when charging capacity performed X diffraction evaluation near 125 mAh/g, it has checked 
carrying out the phase transition of the positive active material x1 used for the cell X1 from a 
hexagonal system to a hexagonal system through a monoclinic system. 
[0043] 

However, in the positive active material a1-a6 used for the cells A1-A6, as shown in drawing 1 
(b), there is no phase transition and it became clear that it continues being a hexagonal 
system. If the addition of magnesium (Mg) becomes more than 4.00mol% to cobalt volume, 
while initial capacity will fall, a load characteristic also comes to fall. From these things, it can 
be said that it is preferred to regulate to less than 3.00mol% at more than 0.01 mol% to cobalt 
volume as for the addition of magnesium (Mg). 
[0044] 

Similarly, when the addition of aluminum becomes more than 0.01 mol%, it turns out that DSC 
exothermic starting temperature (**) rises and internal short circuit test performance improves. 
It turns out that the capacity maintenance rate (%) after the 300 cycles in 60 ** is improving 
notably. If the addition of aluminum (aluminum) becomes more than 0.01 mol% to cobalt 
volume, since the phase transition was controlled for charging capacity near 125 mAh/g and 
the crystal structure was stabilized as shown in drawing 1 (b), this can be guessed. When X 
diffraction evaluation near the said charging capacity was actually performed, there was no 
phase transition and it continues being a hexagonal system. If addition beyond 4.00mol% is 
performed, the initial capacity of a cell will fall. Therefore, it is thought that a suitable addition is 
0.01% - 3.0-mol%. 
[0045] 

Only Zr (0.5-mol%) and Mg (1-mol%) are added so that clearly from the result of the above- 
mentioned table 1 , It turns out that there is much DSC exothermic starting temperature (**) of 
aluminum (aluminum) at 185 ** in cell A3 using the additive-free positive active material a3 as 
the number of charge internal short circuit abnormal occurrences with eight pieces. Since DSC 
exothermic starting temperature (**) became low and the thermal stability of the anode fell 
when aluminum (aluminum) was not added by positive active material, this is considered that 
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the number of charge internal short circuit abnormal occurrences increased. 
[0046] 

On the other hand, in the cells C1-C6 using the positive active material c1-c6 in which both Mg 
(1-mol%) and aluminum (0.01-4-mol%) were added by Zr (0.5-mol%), it turns out that zero 
piece and abnormalities have not occurred in the number of charge internal short circuit 
abnormal occurrences, this receives cobalt volume - Zr (0.5-mol%) and Mg (1-mol%) - 
aluminum (aluminum) - more than 0.01 mol% - when added, DSC exothermic starting 
temperature (**) rose at not less than 191 **, and the thermal stability of the anode improved - 
it is considered a sake. However, if aluminum (aluminum) uses the positive active material c6 
added only 4.00-mol% to cobalt volume like the cell C6, initial capacity will fall. For this reason, 
it can be said that it is preferred to be more than 0.01 mol% and to regulate to less than 
3.00mol% to cobalt volume as for the addition of aluminum (aluminum). 
[0047] 

Only Zr (0.5-mol%) and aluminum (1-mol%) are added so that clearly from the result of the 
above-mentioned table 1 , In the cell [ magnesium / (Mg) ] B3 using the additive-free positive 
active material b3, DSC exothermic starting temperature (**) is as low as 188 **, and it turns 
out [ the number of charge internal short circuit abnormal occurrences with five pieces, and ] 
many. Since DSC exothermic starting temperature (**) became low and the thermal stability of 
the anode fell when magnesium (Mg) was not added by positive active material, this is 
considered that the number of charge internal short circuit abnormal occurrences increased. 
[0048] 

On the other hand, in the cells D1-D6 using the positive active material d1-d6 in which both 
aluminum (1-mol%) and Mg (0.01-4-mol%) were added by Zr (0.5-mol%), While zero piece 
and abnormalities have not occurred in the number of charge internal short circuit abnormal 
occurrences, it turns out that the capacity maintenance rate (charging and discharging cycle 
capacity maintenance rate) after 300 cycles is improving. This to cobalt volume with Zr (0.5- 
mol%) and aluminum (1-mol%). magnesium (Mg) - more than 0.01 mol% -- in the cells D1-D6 
using the added positive active material d1-d6, DSC exothermic starting temperature (**) rose 
at not less than 191 **, and the thermal stability of the anode improved -- it is considered a 
sake. However, if magnesium (Mg) uses the positive active material d6 added only 4.00-mol% 
to cobalt volume like the cell D6, initial capacity will fall. For this reason, it can be said that it is 
preferred to be more than 0.01 mol% and to regulate to less than 3.00mol% to cobalt volume 
as for the addition of magnesium (Mg). 
[0049] 

5. Addition of zirconium (Zr) 

Subsequently, the addition of the zirconium (Zr) was examined. Then, the addition of 
magnesium (Mg) to cobalt volume at 1 .00-mol%. Positive active material compounded so that 
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the addition of a zirconium (Zr) might be 0.01-mol% was used as the positive active material 
a7, and positive active material compounded so that the addition of a zirconium (Zr) might be 
1.00-mol% was used as the positive active material a8. The addition of magnesium (Mg) made 
positive active material compounded at 1 .00-mol% so that the addition of a zirconium (Zr) 
might be 2.00-mol% the cathode active material volume a9, and the zirconium (Zr) made 
positive active material compounded by additive-free positive-active-material x2. 
[0050] 

The addition of aluminum (aluminum) to cobalt volume at 1 .00-mol%. Positive active material 
compounded so that the addition of a zirconium (Zr) might be 0.01 -mol% was used as the 
positive active material b7, and positive active material compounded so that the addition of a 
zirconium (Zr) might be 1.00-mol% was used as the positive active material b8. The addition of 
aluminum (aluminum) made positive active material compounded at 1.00-mol% so that the 
addition of a zirconium (Zr) might be 2.00-mol% the cathode active material volume b9, and 
the zirconium (Zr) used as the positive active material y positive active material compounded 
by additive-free. 
[0051] 

Both the additions of magnesium (Mg) and aluminum (aluminum) used as the positive active 
material c7 positive active material compounded so that the addition of a zirconium (Zr) might 
be 0.01 -mol% at 1.00-mol% to cobalt volume. The addition of magnesium and aluminum is the 
same as that of above-mentioned c7, Use as the positive active material c8 positive active 
material compounded so that the addition of a zirconium (Zr) might be 1.00-mol%, and as [ the 
addition of a zirconium (Zr) ] as 2.00-mol%. Compounded positive active material was made 
into the cathode active material volume c9, the addition of aluminum and magnesium was the 
same as that of above-mentioned c1 , and the zirconium (Zr) used as the positive active 
material z the cathode active material compounded by additive-free. 
Like **** the addition of a zirconium (Zr) and aluminum (aluminum) by ICP (Inductivery 
Coupled Plasma; plasma emission spectrometry). It is the value produced by analyzing and 
the addition of magnesium (Mg) is the value produced by analyzing with an atomic absorption 
method. 
[0052] 

Subsequently, using each of such positive active material a7-a9, x2, b7-b9, y, c7-c9, and z, the 
anode 11 is produced like ****, this anode 11 is used, and design capacity is the nonaqueous 
electrolyte battery 10 (C7-C9 A7 - A9, B7-B9) of 1600mAh like ****. And X2, Y, and Z were 
produced, respectively. The nonaqueous electrolyte battery using the positive active material 
a7 was used as the cell A7 here, the nonaqueous electrolyte battery using the positive active 
material a8 was used as the cell A8, and the nonaqueous electrolyte battery using the positive 
active material a9 was made into cell A9. The nonaqueous electrolyte battery using the 
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positive active material b7 was used as the cell B7, the nonaqueous electrolyte battery using 
the positive active material b8 was used as the cell B8, and the nonaqueous electrolyte battery 
using the positive active material b9 was used as the cell B9. The nonaqueous electrolyte 
battery using the positive active material c7 was used as the cell C7, the nonaqueous 
electrolyte battery using the positive active material c8 was used as the cell C8, and the 
nonaqueous electrolyte battery using the positive active material c9 was used as the cell C9. 
The nonaqueous electrolyte battery using positive-active-material x2 was used as the cell X2, 
the nonaqueous electrolyte battery using the positive active material y was used as the cell Y, 
and the nonaqueous electrolyte battery using the positive active material z was used as the 
cell Z. 
[0053] 

Using each of these cells A7 - A9, B7-B9, C7-C9 and X2, Y, and Z, do a battery characteristic 
examination by the same method as ****, and Subsequently, DSC exothermic starting 
temperature (**), When asked for the existence of initial capacity (mAh), load (%) and 
performance, 25 ** charging and discharging cycle (%) and a capacity maintenance rate, 60 ** 
charging and discharging cycle (%) and a capacity maintenance rate, the number of internal 
short circuit abnormal occurrences (piece), and the phase transition, respectively, the result as 
shown in the following table 2 was obtained. The result of cell A3 mentioned above, B3, and 
C3 is also collectively shown in the following table 2. 
[Table 2] 
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[0054] 

In additive-free positive-active-material x2 and the cell X2 using y, and Y, it turns out that the 
capacity maintenance rate in 25 ** after 300 cycles and 60 ** is falling so that clearly from the 
result of the above-mentioned table 2. [ zirconium / (Zr) ] In the cell [ zirconium / (Zr) ] Z both 
magnesium, (Mg), and aluminum (aluminum) are added, and using the additive-free positive 
active material z, It turns out that the capacity maintenance rate in 25 ** after 300 cycles and 
60 ** is falling with the number of charge internal short circuit abnormal occurrences with eight 
pieces while it is large. While its number of charge internal short circuit abnormal occurrences 
will increase since this has the low conductivity of the active material itself and the rise of the 
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battery temperature at the time of short-circuit current energization is large if the zirconium (Zr) 
is not added by positive active material, The electrode reaction at the time of charge and 
discharge becomes difficult to advance smoothly, and is considered that the capacity 
maintenance rate in 25 ** and 60 ** fell. 
[0055] 

receiving cobalt volume on the other hand - a zirconium (Zr) - more than 0.01 mol% - in cell 
A3, A7 - A9 (B3, B7-B9) using the positive active material a3, a7 - a9 which were added (b3, 
b7-b9). It turns out that the capacity maintenance rate (%) in 25 ** after **, load performance, 
and 300 cycles and 60 ** is improving, however - the addition of a zirconium (Zr) receives 
cobalt volume 2.00-mol% - in cell A9 (B9) using the added positive active material a9 (b9), 
while DSC exothermic starting temperature (**) falls and thermal stability falls, initial capacity 
also comes to fall. From these things, it can be said that it is preferred to regulate to less than 
1 .00mol% at more than 0.01 mol% to cobalt volume as for the addition of a zirconium (Zr). 
[0056] 

In the cell C3 using the positive active material c3 in which both magnesium, (Mg), and 
aluminum (aluminum) were added, and the zirconium (Zr) was added, c7 - c8, C7 - C8. While 
zero piece and abnormalities have not occurred in ** and the number of charge internal short 
circuit abnormal occurrences, it turns out that the capacity maintenance rate in 25 ** after 300 
cycles and 60 ** is improving, this receives cobalt volume - a zirconium (Zr) - more than 
0.01 mol% - in the cell C3 using the positive active material c3, c7 - c8 which were added, C7 - 
C8, While the rise of the battery temperature at the time of short-circuit current energization 
was eased because the conductivity of an active material improves, an electrode reaction 
becomes smooth and it is thought that elution of cobalt was controlled. However, if a zirconium 
(Zr) uses the positive active material c9 added only 2.00-mol% to cobalt volume like the cell 
C9, initial capacity will fall. For this reason, it can be said that it is preferred to be more than 
0.01 mol% and to regulate to less than 1 .00mol% to cobalt volume as for the addition of a . 
zirconium (Zr). 
[0057] 

5. Coprecipitation addition of magnesium of cobalt multiple oxide in which Zr and Mg were 
added 

In the example mentioned above, after making a zirconium (Zr) and magnesium (Mg) 
coprecipitate at the time of cobalt carbonate (CoC0 3 ) composition, this by a thermal 

decomposition reaction. Obtain a zirconium and the tricobalt tetroxide (Co 3 0 4 ) of magnesium 

addition, and lithium carbonate (Li 2 C0 3 ) is added and calcinated to this. The example used as 

the baking body of a zirconium and cobalt acid lithium (LiCo. V M V CL (M=Zr, Mg)) of 

magnesium addition was explained. Here, the coprecipitation addition effect of magnesium 
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was examined below. 
[0058] 

For this reason, after making a zirconium (Zr) coprecipitate at the time of cobalt carbonate 
(CoC0 3 ) composition, the tricobalt tetroxide (Co 3 0 4 ) of zirconium addition was obtained for 

this by the thermal decomposition reaction. Thus, while preparing the tricobalt tetroxide 
(Co JD.) of zirconium addition as a starting material of the source of cobalt, lithium carbonate 

(Li CO ) was prepared as a starting material of a lithium source. Subsequently, after carrying 

out weighing and mixing these so that the mole ratio of lithium and cobalt may be set to 1:1 , 
magnesium oxide (MgO) was further added as a magnesium source, and it mixed. 
Subsequently, the obtained mixture was calcinated at 850 ** in the air for 20 hours, and the 
baking body of a zirconium and cobalt acid lithium (LiCo^M 0 2 (M=Zr, Mg)) of magnesium 

addition was compounded. 
[0059] 

The addition (an addition is the value produced by ICP analyzing) of a zirconium (Zr) is 0.50- 
mol%, Positive active material compounded so that the addition (an addition is the value 
produced by analyzing with an atomic absorption method) of magnesium might be 0.01 -mol% 
is used as the positive active material a10, and the addition of a zirconium (Zr) is 0.50-mol%, 
Positive active material compounded so that the addition of magnesium might be 3.00-mol% 
was used as the positive active material a11. 
[0060] 

Subsequently, after producing an anode like **** using each positive active material a10 and 
a11 which were produced as mentioned above, respectively, the nonaqueous electrolyte 
secondary battery A10 and A11 were produced like ****, respectively. The thing using the 
positive active material a10 was used as the cell A10, and the thing using the positive active 
material a11 was used as the cell A11. Using each of these cells A10 and A11, do a battery 
characteristic examination by the same method as ****, and DSC exothermic starting 
temperature (**), When asked for the existence of initial capacity (mAh), load (%) and 
performance, 25 ** charging and discharging cycle (%) and a capacity maintenance rate, 60 ** 
charging and discharging cycle (%) and a capacity maintenance rate, the number of internal 
short circuit abnormal occurrences (piece), and the phase transition, respectively, a result as 
shown in the following table 3 was brought. The result of the cell X1 mentioned above, A1, and 
A5 is also collectively shown in the following table 3. 
Table 3] 
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[0061] 

clear from the result of the above-mentioned table 3 - as -- magnesium (Mg) - the time of 
calcination -- 0.01 -mol% or 3.00-mol% - in the added positive active material a10, the cell A10 
using a1 1 , and A1 1 . Even if the addition of ** and magnesium made [ many ] it with 3.00- 
mol%, a phase transition was not lost and an effect remarkable in DSC exothermic starting 
temperature and a charging and discharging cycle capacity maintenance rate was not 
accepted as compared with the cell X1 using the positive active material x1 additive-free in 
magnesium. It became clear that the load performance is falling conversely in the cell A1 1 
using the positive active material a1 1 which the addition of not only it but magnesium 
increased with 3.00-mol%. From this, it is thought that the characteristic improvement effect by 
addition of magnesium (Mg) is what is obtained when coprecipitation addition is carried out. It 
is thought that the magnesium in which this was added at the time of calcination is because it 
is hard to dissolve to cobalt acid lithium compared with the case where coprecipitation addition 
is carried out. 
[0062] 

6. Coprecipitation addition of aluminum of cobalt multiple oxide in which Zr and aluminum were 
added 

The coprecipitation addition effect of aluminum of a cobalt multiple oxide (LiCo 1x M x 0 2 (M=Zr, 

aluminum)) that Zr and aluminum were added as well as **** was examined. Then, after 
making a zirconium (Zr) coprecipitate at the time of cobalt carbonate (CoC0 3 ) composition, the 

tricobalt tetroxide (Co O ) of zirconium addition was obtained for this by the thermal 
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decomposition reaction. Thus, while preparing the tricobalt tetroxide (Co 3 0 4 ) of zirconium 

addition as a starting material of the source of cobalt, lithium carbonate (Li 2 C0 3 ) was prepared 

as a starting material of a lithium source. Subsequently, after carrying out weighing and mixing 
these so that the mole ratio of lithium and cobalt may be set to 1:1, the aluminum oxide 
(aluminum 2 0 3 ) was further added as an aluminum source, and it mixed. Subsequently, the 

obtained mixture was calcinated at 850 ** in the air for 20 hours, and the baking body of a 
zirconium and cobalt acid lithium (LiCo 1 X M X 0 2 (M=Zr, aluminum)) of aluminum addition was 

compounded. 
[0063] 

The addition (an addition is the value produced by ICP analyzing) of a zirconium (Zr) is 0.50- 
mol%, Positive active material compounded so that the addition (an addition is the value 
produced by ICP analyzing) of aluminum might be 0.01 -mol% is used as the positive active 
material btO, and the addition of a zirconium (Zr) is 0.50-mol%, Positive active material 
compounded so that the addition of aluminum might be 3.00-mol% was used as the positive 
active material b11. 
[0064] 

Subsequently, after producing an anode like **** using each positive active material b10 and 
b11 which were produced as mentioned above, respectively, the nonaqueous electrolyte 
secondary battery B10 and B11 were produced like ****, respectively. The thing using the 
positive active material b10 was used as the cell B10, and the thing using the positive active 
material b1 1 was used as the cell B1 1 . Using each of these cells B1 0 and B1 1 , do a battery 
characteristic examination by the same method as ****, and DSC exothermic starting 
temperature (**), When asked for the existence of initial capacity (mAh), load (%) and 
performance, 25 ** charging and discharging cycle (%) and a capacity maintenance rate, 60 ** 
charging and discharging cycle (%) and a capacity maintenance rate, the number of internal 
short circuit abnormal occurrences (piece), and the phase transition, respectively, a result as 
shown in the following table 4 was brought. The result of the cell X1 mentioned above, B1, and 
B5 is also collectively shown in the following table 4. 
[Table 4] 
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[0065] 

clear from the result of the above-mentioned table 4 - as - aluminum (aluminum) - the time of 
calcination -- 0.01 -mol% or 3.00-mol% - in the added positive active material b10, the cell B10 
using b11, and B1 1. Even if the addition of** and aluminum made [ many ] it with 3.00-mol%, 
a phase transition was not lost and an improvement effect remarkable in DSC exothermic 
starting temperature and load performance was not accepted as compared with the cell X1 
using the positive active material x1 additive-free in aluminum. By addition beyond 3.00mol%, 
since it is possible that initial capacity falls, it is thought that the improvement effect by addition 
of aluminum is what is obtained only when coprecipitation addition is carried out. 
[0066] 

7. Coprecipitation addition of cobalt multiple oxide in which Zr, and Mg and aluminum were 
added 

(1) Coprecipitation addition of aluminum 

The coprecipitation addition effect of aluminum of a cobalt multiple oxide (LiCo 1 X M X 0 2 

(M=Mg, Zr, aluminum)) that Zr, and Mg and aluminum were added as well as **** was 
examined. For this reason, after making a zirconium (Zr) and magnesium (Mg) coprecipitate at 
the time of cobalt carbonate (CoC0 3 ) composition, the zirconium and the tricobalt tetroxide 

(Co O ) of magnesium addition were obtained for this by the thermal decomposition reaction. 

3 4 

Thus, while preparing the zirconium and the tricobalt tetroxide (Co 3 0 4 ) of magnesium addition 
as a starting material of the source of cobalt, lithium carbonate (Li CO ) was prepared as a 
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starting material of a lithium source. Subsequently, after carrying outweighing and mixing 
these so that the mole ratio of lithium and cobalt may be set to 1:1, the aluminum oxide 
(aluminum O ) was further added as an aluminum source, and it mixed. Subsequently, the 

obtained mixture was calcinated at 850 ** in the air for 20 hours, and the baking body of a 
zirconium, magnesium, and cobalt acid lithium (LiCo 1 _ X M X 0 2 (M=Mg, Zr, aluminum)) of 

aluminum addition was compounded. 
[0067] 

The addition (an addition is the value produced by ICP analyzing) of a zirconium (Zr) is made 
into 0.50-mol%, and it is a magnesium (Mg) addition (an addition with an atomic absorption 
method.), the value produced by analyzing - it is - positive active material compounded so 
that it might be considered as 1.00-mol% and the addition (an addition is the value produced 
by ICP analyzing) of aluminum (aluminum) might be 0.01 -mol% was used as the positive 
active material c10. Positive active material compounded so that similarly the addition of a 
zirconium (Zr) might be made into 0.50-mol%, and the addition of magnesium (Mg) might be 
made into 1.00-mol% and the addition of aluminum (aluminum) might be 3.00-mol% was used 
as the positive active material c1 1 . 
[0068] 

Subsequently, after producing an anode like **** using each positive active material c10 and 
c11 which were produced as mentioned above, respectively, the nonaqueous electrolyte 
secondary battery C10 and C11 were produced like ****, respectively. The thing using the 
positive active material c10 was used as the cell C10, and the thing using the positive active 
material d 1 was used as the cell C1 1 . When DSC exothermic starting temperature, initial 
capacity, and a 25 ** charging and discharging cycle capacity maintenance rate (%) were 
searched for by the same method as **** using each of these cells C10 and C11, respectively, 
a result as shown in the following table 5 was brought. The result of cell A3 mentioned above, 
C1, and C5 is also collectively shown in the following table 5. 
[Table 5] 
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[0069] 

clear from the result of the above-mentioned table 5 - as - aluminum (aluminum) - the time of 
calcination - 0.01 -mol% or 3.00-mol% -- in the added positive active material c10, the cell C10 
using d 1, and C1 1. Even if the addition of ** and aluminum (aluminum) made [ many ] it with 
3.00-mol%, an effect remarkable in the rise of DSC exothermic starting temperature was not 
accepted. From this, it is thought that the characteristic improvement effect by addition of 
aluminum (aluminum) is what is obtained when coprecipitation addition is carried out. 
[0070] 

(2) Coprecipitation addition of magnesium 

Coprecipitation addition of magnesium of the cobalt multiple oxide (LiCo^M^ (M=Mg, Zr, 

aluminum)) in which Zr, and Mg and aluminum were added was also considered. Then, after 
making a zirconium (Zr) and aluminum (aluminum) coprecipitate at the time of cobalt 
carbonate (CoCO ) composition, the zirconium and the tricobalt tetroxide (Co 3 0 4 ) of aluminum 

addition were obtained for this by the thermal decomposition reaction. Thus, while preparing 
the zirconium and the tricobalt tetroxide (Co 3 0 4 ) of aluminum addition as a starting material of 

the source of cobalt, lithium carbonate (Li 2 C0 3 ) was prepared as a starting material of a 

lithium source. Subsequently, after carrying out weighing and mixing these so that the mole 
ratio of lithium and cobalt may be set to 1 :1 , magnesium oxide (MgO) was further added as a 
magnesium source, and it mixed. Subsequently, the obtained mixture was calcinated at 850 ** 
in the air for 20 hours, and the baking body of a zirconium, magnesium, and cobalt acid lithium 
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(LiCo M O (M=Mg, Zr, aluminum)) of aluminum addition was compounded. 
[0071] 

The addition (an addition is the value produced by ICP analyzing) of a zirconium (Zr) is made 
into 0.50-mol%, and it is an addition (an addition by ICP.) of aluminum (aluminum), the value 
produced by analyzing -- it is - positive active material compounded so that it might be 
considered as 1 .00-mol% and the addition (an addition is the value produced by analyzing with 
an atomic absorption method) of magnesium (Mg) might be 0.01 -mol% was used as the 
positive active material d10. Positive active material compounded so that similarly the addition 
of a zirconium (Zr) might be made into 0.50-mol%, and the addition of aluminum (aluminum) 
might be made into 1.00-mol% and the addition of magnesium (Mg) might be 3.00-mol% was 
used as the positive active material d1 1 . 
[0072] 

Subsequently, after producing an anode like **** using each positive active material d10 and 
d11 which were produced as mentioned above, respectively, the nonaqueous electrolyte 
secondary battery D10 and D11 were produced like ****, respectively. The thing using the 
positive active material d10 was used as the cell D10, and the thing using the positive active 
material d1 1 was used as the cell D1 1 . When DSC exothermic starting temperature, initial 
capacity, and a 25 ** charging and discharging cycle capacity maintenance rate (%) were 
searched for by the same method as **** using each of these cells D10 and D1 1 , respectively, 
a result as shown in the following table 6 was brought. The result of the cell B3 mentioned 
above, D1, and D5 is also collectively shown in the following table 6. 
[Table 6] 
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[0073] 

clear from the result of the above-mentioned table 6 -- as - magnesium (Mg) - the time of 
calcination -- 0.01 -mol% or 3.00-mol% - in the added positive active material d10, the cell D10 
using d1 1, and D11. Even if the addition of ** and magnesium (Mg) makes [ many ] it with 
3.00-mol%, while an effect remarkable in the rise of DSC exothermic starting temperature is 
not accepted, it turns out that the capacity maintenance rate (charging and discharging cycle 
capacity maintenance rate) after 300 cycles does not improve, either. From this, it is thought 
that the characteristic improvement effect by addition of magnesium (Mg) is what is obtained 
when coprecipitation addition is carried out. 
[0074] 

(3) Coprecipitation addition of a zirconium 

Coprecipitation addition of the zirconium of the cobalt multiple oxide (LiCo 1 _ X M X 0 2 (M=Mg, Zr, 

aluminum)) in which Zr, and Mg and aluminum were added was also considered. Then, after 
making magnesium (Mg) and aluminum (aluminum) coprecipitate at the time of cobalt 
carbonate (CoCO ) composition, magnesium and the tricobalt tetroxide (Co 3 0 4 ) of aluminum 

addition were obtained for this by the thermal decomposition reaction. Thus, while preparing 
magnesium and the tricobalt tetroxide (Co 3 0 4 ) of aluminum addition as a starting material of 

the source of cobalt, lithium carbonate (Li 2 C0 3 ) was prepared as a starting material of a 

lithium source. Subsequently, after carrying out weighing and mixing these so that the mole 
ratio of lithium and cobalt may be set to 1 :1 , zirconium oxide (Zr0 2 ) was further added as a 

zirconium source, and it mixed. Subsequently, the obtained mixture was calcinated at 850 ** in 
the air for 20 hours, and the baking body of a zirconium, magnesium, and cobalt acid lithium 
(LiCo MO (M=Zr, Mg, aluminum)) of aluminum addition was compounded. 

1 -X X 2 
[0075] 

The addition of magnesium (Mg) (an addition with an atomic absorption method.) the value 
produced by analyzing - it is -- considering it as 1.00-mol% -- the addition (an addition by 
ICP.) of aluminum (aluminum) the value produced by analyzing -- it is -- positive active material 
compounded so that it might be considered as 1.00-mol% and the addition (an addition is the 
value produced by ICP analyzing) of a zirconium (Zr) might be 0.01-mol% was used as the 
positive active material e1 . Positive active material compounded so that similarly the addition 
of magnesium (Mg) might be made into 1.00-mol%, and the addition of aluminum (aluminum) 
might be made into 1.00-mol% and the addition of a zirconium (Zr) might be 1.00-mol% was 
used as the positive active material e2. 
[0076] 
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Subsequently, after producing an anode like **** using each positive active material e1 and e2 
which were produced as mentioned above, respectively, the nonaqueous electrolyte 
secondary battery E1 and E2 were produced like ****, respectively. The thing using the positive 
active material e1 was used as the cell E1, and the thing using the positive active material e2 
was used as the cell E2. When DSC exothermic starting temperature, initial capacity, and a 25 
** charging and discharging cycle capacity maintenance rate (%) were searched for by the 
same method as **** using each of these cells E1 and E2, respectively, a result as shown in 
the following table 7 was brought. The result of the cell Z mentioned above, C7, and C8 is also 
collectively shown in the following table 7. 
[Table 7] 
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[0077] 

clear from the result of the above-mentioned table 7 - as - a zirconium (Zr) - the time of 
calcination -- 0.01 -mol% or 1.00-mol% -- in the added positive active material e1, the cell E1 
using e2, and E2, it turns out that the capacity maintenance rate (charging and discharging 
cycle capacity maintenance rate) after 300 cycles does not improve, either. From this, it is 
thought that the characteristic improvement effect by addition of a zirconium (Zr) is what is 
obtained when coprecipitation addition is carried out. 
[0078] 

From the above thing, cobalt volume is received [ zirconium / (Zr) ] in less than 1 .00 mol % and 
magnesium (Mg) at more than 0.01 mol % to cobalt volume. Less than 3.00 mol % and 
aluminum (aluminum) at more than 0.01 mol % by adding less than 3.00 mol % according to 
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coprecipitation simultaneously at more than 0.01 mol % to cobalt volume, It can be said that it 
becomes possible to attain a good load characteristic, a charging and discharging cycle 
capacity maintenance rate, and safe performance, without producing capacity lowering. 
[0079] 

8. Addition ****** of different species element which replaces zirconium (Zr) 
Although the example which adds a zirconium (Zr), magnesium (Mg), or ARUMINIU 
(aluminum) as a different species element to cobalt acid lithium (LiCo0 2 ) was examined in the 

example mentioned above, Here, the case where titanium (Ti) was added as other different 
species elements which replace a zirconium (Zr) was examined. 

Then, in a cobalt sulfate (CoS0 4 ) solution titanium sulfate (Ti(S0 4 ) 2 ) and magnesium sulfate 

(MgS0 4 ) of the specified quantity (or aluminum sulfate (aluminum 2 (S0 4 ) 3 )). After adding, 

titanium (Ti) and magnesium (or aluminum) were made to coprecipitate by adding sodium 
bicarbonate (NaHC0 3 ) at the time of cobalt carbonate (CoC0 3 ) composition. Then, the 

tricobalt tetroxide (Co 3 0 4 ) in which titanium and magnesium (or aluminum) as a starting 
material of the source of cobalt were added by the thermal decomposition reaction in these 
was obtained. 
[0080] 

Subsequently, after preparing lithium carbonate (Li 2 C0 3 ) as a starting material of a lithium 

source, weighing was carried out so that the mole ratio of lithium and cobalt might be set to 
1:1. Subsequently, after mixing these with a mortar, the obtained mixture is calcinated at 850 
** in the air for 20 hours, Titanium and magnesium (or aluminum) compounded the baking 
body of the lithium content cobalt multiple oxide (LiCo 1 _ X M X 0 2 (M=Ti, MgorAI)) added by the 

surface. Then, the compound baking body was ground until mean particle diameter was set to 
10 micrometers, and it was considered as positive active material. In this case, it compounded 
so that the addition (an addition is the value produced by ICP analyzing in addition) of titanium 
(Ti) and magnesium (or aluminum) might be 0.50-mol% and 1 .00-mol%, respectively, and this 
was set to the positive active material w1 and w2. 
[0081] 

Subsequently, after producing an anode like ****, the nonaqueous electrolyte secondary 
battery W1 (thing using the positive active material w1) and W2 (thing using the positive active 
material w2) were produced like ****, respectively. When it asked for the existence of DSC 
exothermic starting temperature, initial capacity, load performance, a 25 ** charging and 
discharging cycle capacity maintenance rate (%), and a phase transition by the same method 
as **** using these cells W1 and W2, respectively, a result as shown in the following table 8 
was brought. The result of cell A3 and the cell B3 which were mentioned above is also 
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collectively shown in the following table 8. 
[Table 8] 
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[0082] 

When it replaces with a zirconium (Zr) and titanium (Ti) is added so that clearly from the result 
of the above-mentioned table 8, even if it is the same addition, it turns out that DSC exothermic 
starting temperature is falling by not less than 10 **. This shows that it is more effective for 
cobalt acid lithium to add a zirconium (Zr) and magnesium (or aluminum) rather than adding 
titanium (Ti) and magnesium (or aluminum) as a different species element. If it puts in another 
way and a zirconium and magnesium (or aluminum) will be homogeneously added on the 
surface of cobalt acid lithium, it will become possible to raise a 25 ** charging and discharging 
cycle capacity maintenance rate, with thermal stability (have held high crystallinity) held. 
[0083] 

In the embodiment mentioned above, after making a zirconium (Zr), magnesium (Mg), or/and 
aluminum (aluminum) coprecipitate at the time of cobalt carbonate (CoC0 3 ) composition, 

these by a thermal decomposition reaction. Although the example which obtains the tricobalt 
tetroxide (Co,0 ) in which the zirconium, magnesium, or/and aluminum (aluminum) as a 

starting material of the source of cobalt were added was explained, After making a zirconium 
(Zr), magnesium (Mg), or/and aluminum (aluminum) coprecipitate at the time of cobalt 
hydroxide (Co(OH) 2 ) composition, these by a thermal decomposition reaction. It may be made 

to obtain the tricobalt tetroxide (Co O ) in which the zirconium, magnesium, or/and aluminum 

(aluminum) as a starting material of the source of cobalt were added. 
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[Brief Description of the Drawings] 
[0084] 

[Drawing 1] lt is a figure showing the charging curve of an anode. 

[Drawing 2] the state where the important section of the nonaqueous electrolyte battery of this 
invention was fractured to the lengthwise direction is shown typically -- it is a fracture 
perspective view in part. 
[Description of Notations] 
[0085] 

10 [ - A negative electrode, 12a / -- A negative electrode lead, 13 / - A separator, 14 / -- An 
electric insulating plate, 15 / - Armor can (negative pole terminal), ] -- A nonaqueous 
electrolyte battery, 1 1 -- An anode, 1 1a - A positive electrode lead, 12 16 [ -- A gasket, 18 / - 
A conductive elastic deformation board, 19 / - PTC element ] - An obturation object, 16a - An 
anode cap (positive pole terminal), 16b - A lid, 17 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[0084] 

[Drawing 1]lt is a figure showing the charging curve of an anode. 

[Drawing 2] the state where the important section of the nonaqueous electrolyte battery of this 
invention was fractured to the lengthwise direction is shown typically -- it is a fracture 
perspective view in part. 



[Translation done.] 
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[Drawing 2] 
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[Translation done.] 
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cn&oft»x«i~7fcTa$?nft-»SL i c o^^^o^-isnsyf -)a 

$ W 3 ;< ;l/ Mg & ft 33 l> T ti , 3 A )V Y M V f- tt A ( L i C o 0 2 ) \z it T , « 

HHf 4 - 3 1 9 2 6 0 fS« 

[ ft fF & M. 2 ] 11 2 0 0 0 - 1 2 3 8 3 4 §i^ 

[ ft f 'F £ ffi£ 3 ] ft M 2 0 0 1 - 3 1 9 6 5 2 # ^ $8 

[ ft ffF £ l& 4 ] ft HI 2 0 0 2 - 1 9805 1#^$8 

[ ft fF £ itt 5 ] mm 2 00 1 - 2 7 3 8 9 6^§^$g 

[ ft fF £ « 6 ] ft M 2 0 0 1-068 1 6 7 §i v S 

[§fFil7] ft M 2004-04 7 4 3 7 §i v i 
[ #g W (?) ||g jjt ] 

[ 0 0 0 6 ] 

Ufr b** 1 6 . laLftHtfi:! l ~7ttII?nftSi7cI^Sin?tifc 1 Jf ^A 

h ?*^Kfkfetc*5^T, mmfimtemmfcfo (n mm. Kit) t^-^L^v^/--* 
EpfeiftT-rsfci/^iaia^^bfeo $ fe , m m ft as * m an t § t m a -e # <s t -r § fe * , 
■9- ■< * tt ffi t o ^ t fe & e cd ^ % & & * m £ n x ^ § o 

[ 0 0 0 7 ] 

i:-f3fe<DT*fc£ 0 

[ 0 0 0 8 ] 

±taie^^a^-r^feA6, * w © # * « flip K = & * ?fi ti . #fct£J: 5 ^;l/3^<^ a# 
n ^ ;U h ft ti L T 0 . 0 lt;Httlt'l. 0 ^ ;l/ % WT fe W> ta f£ ft O v y * S/ ^ 
A S fe ti / *3 cfc 7 )]/ 5 A ft 3 A ;b h ft » L T 0 . 0 1 =e Jl % J-X ± T' 3 . 0 ^ 7b % 

ft ^ fe 4: O « IZ «fc 0 ?f P> n fe - IS S L i C o , - x M x 0 2 ( M = Z r , MgJfctt/t3 
«fc A i ) T- ^ * n 5 A 7^ B B a ?f; O "J ^ •> A # W n ;!/ h * S ft fe % IE « S fe S i: L T ft 
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[ 0 0 0 9 ] 

K » a a ;i/ h , 7]< m it 3 ;l/ h ft if <D n M ;l/ h ft: * M <0 % m B# fc Pk fcb J: 0 s? 
;!/ 3 - A t , V ^ * <> £ A £ fc it / *3 <fc tf T ;l 5 - * A *< SI ftp S ft T ^5 k , 'J ^ A 

•> A £ &s ftp f & « # fc it ^ T , 'J>l?iJ ^#A-&W=wWl'h&fc»{fc%J<DS®fci9JlfcS? 
;b 3 r. ^ A k , -> ^ A $ ftli/fe i tf 7 ;K - ^ A^iiP ? n § i ? t ^ 5 o d <0 

1 * ;U % fe( ± T* 1 . 0 * ;U % W T It ^ ftp "T § k , SIiT*ff U k4< , 14 fig 3fc « 3% 
JH f# 6 ft S c k # W 5 if fc ft 0 „ 10 
[0010] 

s , am, n ? \a, h s t y ^ a & <o ii ft b# fc v y * *s v a a it a / ts «t t? 7 ;i/ 

5 — "Jr A % 3 . 0 0 t;V%iiQLft'Jf f 3fc * £ * #1 2 

5 m A h / g WifiT? *Bfc^£ £ 13 T , £±14fiE, ft J5&[ ^ 4 >7 A> tt fig ft if <£> fig W ft ± b 
ft ^ o k £ 3 # , *J ;l/ 3 ^ 9 A co ftp fc ftp A T , V y * ~> ^ A $ fc (± / 33 <fc 7" ^ 5 — *> 
A^rlll^fc^ctjiiP Lfc V *3-*> A-§-#3/<;V h fc-ftKffcttH:. JttSitf 1 2 5mA h / 
g«J5ffflfi8*ii:5ti:tt4<, f»£J£tt (S^rttfig) *f> ft Si << 5 ;l> '14 fig [rJ ± 

[001 1 ] 

unii, ^ =J - ^ A CO ftD fc ftp T , ^^^i'-JASftli/feiCfZiS-fASI 20 
Bffc «?*?3sftp-r 3 k , 5*;l/3 - •> A O^ftPic <fc § n h co jg ffl8i$J3ftK k , vy*^^ 

IttflSLT, dti^©fflSIS&*fcJ: D*L^#ttco5fe«^oIfigkftofcfci6k#^e» 

n & o 

[0012] 

f IT, ±fBco c fc^ftiE^S^M^t#^fei6(ci±, 3M;l/Hfc45 3M;l/Ht^i5; 
»»Si«t«ft6<5SI)(l3/ObHt'&BilL3;</PHfc»lT, ^/l/3^-)Aii'0. 0 
lt^%«it*l. Ot*%HT, v ^ ^- ^ ^ A S t± / is <t t? T ;b 5 — •> A 0 . 0 1 
t;HHJ:T*3. 0 ^& )h % JM T f£ » S ftp £ ft * £ 3 lc « }* ? •& 5 # r* X S k , 5? ;b n - <j7 
A k , V y * ~> f A S fe tt / i tf T JV 5 — ? A ^ « it S ft fc 3 M )V h it % *« 6 ft 5 IS 30 

1/jSt^k, yf-^AMkft^ U5 L 'i7A{t^rife;^e ) fti.^2^^k^zg-&LT^^t)k-r^ 
rg^-X@k, z.(DM-etV>i%mi&-? l>I^lgi:?:«x.« <fc d »c f ft fcf «fc t,^ 0 

[0013] 

ft*3, *?gB^^c3st / ^T(4, »S£ttfc«ftT»^ft±1t**-r k k »«:, 3tft«l?--r^ 

o 

[ fg W CO J» JR ] 
C 0 0 1 4 ] 

ft ^ ;l/ h ) CO OL , «itfc<fc MfcWLTO. 0 1^;!/% 

Wit* l . 0 ^;l/%«T/ctj-S»p^ n, o v ^ * 5/ ^ A $ fc ti / ± 7 ;b 5 — ^ a ^ 

0 1 ^6 ;b % JW ± T* 3 . 0 t ;]/ % U T tc JtS *o 5 ti fc n ;b h S i: 
LT^3;^;l/ hft^fti:, 'Jf ^ASt 1 1 <D 'J ^ ^ Aft^ft t <^§flttc J: 0 i 5 nfe- 
85 S & L i C o , . x M x O 2 ( M = Z r , M g $ ft tt/fe J: A 1 ) T* S S n * A 7? B B B ^ <D 

, ^yl/ai^iOlOSiDf, ta^i^^ata^JfiTJtKi:^^, *& ft S tt 
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[00 1 5 ] 

o^t, * '« m © m m © m m % m 1 & «k t? m 2 tc a -3 ^ t p 10 tc m on -r § & , *$£mit 
c<onM<o filmic® zmiz-z n z $><dt°* < , *awoifi*sEii/*^iifitsi 

a t* ^ s „ 

[00 1 6 ] 

1 . IE «©fE » 

( 1 ) Z r t: M g tfgsfiO £ nfc 3 h feS mit^HO ft M 10 
£"f , BSK=i^^ h (C o S 0 4 ) j8»fcl«iO«»^^3 = f A (Z r (S0 4 ) 2 
) kKBv^i^^i ( M g S O 4 ) * gi fin L & , «7.klK^h'J^A (NaHC0 3 ) 
^iUA^CktioT, Rln/^H (C o COj) «f(Ci';l/3^')i (Zr) fcv 

^*->"}A (Mg) %«?±^-&fco £©f£, c ft 6 £^#g?JK/S K: J: t> , 
^ II ^ ^ b T © s/* ;l/ =i ^ ^ A ^ v ^ A ^ g in S ti E ^ {b H 3 h (c o 3 O 4 ) 

[0017] 

O^T*, 'Jf ^AS^ffiHllStUtKi'Jf (L i Z C 0 3 ) ^iibfct, 'Jf 

£ A i: n ;U h © * A> it 1 : l fc: * s «fc -5 te ft 5 L . o^f, cft6*aftTiB^L 
fcf£ , SSnftl^i^St't't 8 5 Ott-2 Otf IStT, V> )V n - V A i: V % * > 20 

A # * ffi ffi fin £ ft fc V f- V A m 3 A ;l/ 1- ft * ft ft: *&J ( L i Co,. x M x 0 2 (M=Z 
r, Mg) ) 0««**^Sl/fe. ^0^, ^ilftUSSft^f^figilCl 0 /i m fc S 

$ -e u t xs mmm. t u it „ 

[0018] 

C C t? , n/^l/MtcJtLT, (Z r) OSiUi^O. 5 0 m o 1 % T? , 

v * ~> A (Mg) © g fiD « 0 . 0 1 mo l%fc«:*«J:-5tJ:-erJ«SnfeiEaiS«Ul* 
lElSS^St a 1 tU V •> A (M g ) OiiD »^0. 5 Orao 1 %t*5J;5£^ 

^^nftligSI^IEIiSila 2 t L, (Mg) C iS id i 1 . 00m 

ol%t&3<fc?&c^^£ftfcIE@^^M£IE^?£^jta3£L, V ^ * ^ A (Mg) 
© fiP a # 2 . 0 0 m o 1 % t^^<t 5 t^fiic^nftElffitll^iEIiSftl a 4 t L, 30 
?{f*v")i» (Mg) ©iinltf 3. o Omo l %t4%<k?(c^i?nftiEIiS1til«: 
sEWftWaS. a 5tlft 0 
[0019] 

* , S> )V =t — fj A ( Z r ) OiiOltf 0. 5 0 m o 1 % T? , "7 ^* * tJ A ( M g ) © 
iliPitf 4 . 0 Omo 1 % £ 5 ic&fcZ tifeJEmi£VaS.%:iEffii5 ! tillS.m a 6 i: b , 

v if * *s v a (M g ) tfmmimT~&mz nrcjEMftyaa.%iEMigvan x 1 tifc & *> , 

>>•;]/ n - ? A ( Z r ) ©iiDltt I CP ( Induct i very Coupled Plasma ; 7f <7 X7 ft # 
«f ) KiO^tfLTS^nfeiT'fet), ^ y * S/ •> A ( M g ) ^SiPiiig^i^Sfcj; 

[ 0 0 2 0 ] 40 

( 2 ) z r t a i & gsfip ^ n it n a ;i/ f m it m © & m 

, BfE S? 3 ;1/ h- (CoS0 4 ) mW.fo¥f\1£.m.<D 1 ffi.W.*J )VZ2 ~V L. ( Z r (SO,) 2 
) tm.MT ^ =-V L. ( A 1 2 ( S O 4 ) 3 ) £ g fiO L fc: f& , J^^kiR-^hU^A ( N a H 
COj) Zhnz.%Ctlc£iT, 3A;l/h (CoC0 3 ) /j£ B# t *J }]/ 3 ~ A (Zr 

) t 7 ^ 5 - ■) A (Al) * « tt 3? o c O » . cn5«;fi»ggf6tJ;5, aM;H- 
© tb ^ JH ^ i: L T © ->* ;U ^ - •> a t T ;b 5 - A *^ fip S tx fc m M it = 3 A ;U h ( C o 

3 o,) zmrco 

[ 0 0 2 1 ] 

O ^ t* , Uf f ASOHiSIRfiiUtWftyf-lJA (L 1 ,CO,) *ffl«Lft«. U^ 1 

2 A i: 3 A Jl h © -t ;!/ it # 1 : 1 tc ^ § <fc 7 C 1 L ft. 0 oi>T*, C n ^ ?L S* T fl ^ L 50 
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fzm, »6nfti*ft*S8ifP 8 5 0 1CP2 OUBBiSLT, *J - ■> A fc 7 )\< 5 - 
^ A A^ S ® ^ to £ n fc V ^ ^ A ^ W :3 M ;1M ^ M (L i C o , . x M x O 2 ( M = z 
r , Al) ) ©j£j£#*-&j£bfco £ © t£ , ^fiKLfti^ft^Jp^Sl)!)' 1 0 /imtCftS 
*T»*l*TIE«igWK fc tfto 
[ 0 0 2 2 ] 

C C 7? , 3M;H-|!CSLT, i/^l/nz'JA (Z r) OgiPl^O. 5 0 m o 1 % T? , 
7;K- r )L (A 1 ) ©SJDitf 0. 0 1 mo 1 % t ^ 5 <t ? fc^S? nfeiEffigftS?: 
lESS^lKb 1 fc L , 7;V5-f A (A 1) © ?3s tD ft A< 0 . 5 0mo 1 

/&2nfcIE®SfeSt%IE@S^«b2fcb, 7;l/$->) A (A 1 ) ©iiDi^ 1 . OOm 
ol%fc*3<fc5fc^JS*ftfcIEffi«S1fcJt%IEffi?g&Kb3i:L, 7 ;b 5 - ■) L (Al) 10 
© ?S ira ft AM . 0 Omo l t^*?nftEagftJl%ligttJlb 4 tl, 

7;l/;-^A (Al) © SiiiJD ft AM . OOmo l%fc&3,fc9fc^j$£nfcIE^SI$3jt3: 
iE@?S^Kb5i:Uf::o*fc:, (Z r) CilPl^'O. 5 0 m o 1 % T , 7 

;IM ^ A (Al) © S ftp ft AM . OOmo 1 Kz^j&^nfcIE^g^St^IE 
ISiiib 6 hLfto & £> . ^/l/3--)A (Zr) feJct^-HM-^A (Al) © fin 
f{± 1 CP ( Inductivery Coupled Plasma; /^Xv^^^lf) fc <fe t) # #r b T » £ n fc 

[ 0 0 2 3 ] 

(3) Z r fc M g fc A 1 tfil!D?nft3;^bH^||tiOftS 
S f , WE » 3 y< ;!/ h (CoS0 4 ) M fc m 5t ft © Sit ^ >>M 3 ^ •> A (Zr (SO,) 2 20 
) fefifEg&v$ r *$'*A (MgS0 4 ) til7;V$-')A ( A 1 2 (SO,) , ) fc % S3* /ra b 
fc&, mWLfcmi- b V ? L. (NaHC0 3 ) ^fiD^^ilfcfCioT, KlnM;H- (Co 
C0 3 ) jjSc B# ^ vM n - ^ A (Zr) fc V 9 * ~> 5 A (Mg) t7;V5-fA (Al) 
fc£tt?±2-efc 0 £©?&, cne> K'jSfc J: D , n ^ ;l> h Si © a fgfiR » fc b T © ^ - 

^nn-J/Atv^^^^AfcT^S-^AA^JjP^nfcra^fkHrj^S^h (Co 3 0 4 ) * 

[ 0 0 2 4 ] 

O^T, 'J^ ^AiOtHlgJISt bT^t'J f ^A (L i 2 C0 3 ) * ffl ift L fc & , y 
£ A fc 3 A ;l/ h © t ;l/ it AM : Mc & 3 «t 5 ft ft b fc 0 o^T*, cn^^^^T'ig^L 
fc % , H^nftS^ft^SMfft'S 5 0 tt-2 O^PIiSUT, y;^z-)Af7^^i/ 30 
■)At7;l'5-')A)!)^ItiiDJtl?c'Jf ^Atfn/^l'H^gffctl (L i C o , . x 
M x 0 2 (M=Zr, Mg, Al) ) © b ft . C © & . ^JjRbfcfifcfiKtt&T^ 

gStf 1 0 n mt%5tT'lf)ff UtiEligfeii: L fc „ 
[ 0 0 2 5 ] 

£ CT , h iKMtt, ;l/ n n A ( Z r ) © ffi />Q 4 AM . 5 0 m o 1 % T* , 

A^ O V * -> £ A ( M g ) © Wi f}Q ft AM . OOmo 1 % t? , 7)K-H (A I) 
1^0. 0 l mo 1 %fc4S«fc3fc-&/i8SttifcIE«ffi«&K*IE«?S14lKc 1 fc b fc „ * fc 
, A, a - •> A «fc OM y * ■> A © % fta § t± ± 3z£ © c 1 fc |?0 41 T* , 7 JU 5 = A (A 1 
) © WiiXi ft AM . 5 Omo 1 % fc & 3 «fc 5 ^ £ ft fc IE ffi S 1* Jt * IE ffi K c 2tL 
, TMS-^A (Al) © 8s *P ft AM . 0 Ora o 1 % i: 45 J: 9 £^S?n/c iEIgftl 40 
^iEIgftlc 3tL, 7;l/$--)A (A 1 ) ©iiDltf 2. 0 0 m o I % 1:45 J; 7 I: 
^/&£ftfc!E@?g ! l5!iK£IE®?g$!ziStc4fcb. 7;lM-^A (A 1) ©SiDitf 3 . 00 
mo I yot^Si^C^fiSt^n/ciEIiSftS^iEIiSfelc 5 tLfc, £ <Mc , S> ;U n - 
^Afe«fet>*v^^i">A©^Spa«±aj©c 1 fc HO «t T , 7;K-')A (A 1) ©v^fiPB 
AM. OOmo 1 %t*5J;a t^«?n/cIEIrStlI?:iES(gilic 6 Lfe„ 
[ 0 0 2 6 ] 

$ /fc , 3 ^ ;V H lc L T , "J ;l> 3 - •> A ( Z r ) © jfjp ft AM . 5 0 m o I % T* , A"" 
-D 7 ;U 5 - ■> A ( A I ) © jgs ftp ft AM . OOmo 1 % ~0 , V ^M £ A (Mg) © ?gs Jjp ft 
AM. 0 lmo ^fcaScfcSte^jaSftfclESgtoKfclEaiSftlKd 1 fc b fc 0 £ fc . 

;l/ 3 - A fe «fc 7 ;U =. - •> A © ?gs to ft t± ± & © d 1 fc IrI tit T' , V f % v- ^ A (Mg) 50 



(8) 
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(o m m m # o . 5 0mo i % £5 ic&f&z ?i tc iE mns van* jem van d z ti, 

7 *7 h (Mg) OiSftli^2. 0 Orao 1 % t% 5 J: 7 t^SJnft IlffiM^ 
iEISMd 4 i: L, •? 7*i/<?7 L> (Mg) <9 in S # 3 . OOmo 1 %i:55«t:?t:^ 

i&z nrcmmfe%an*iEMmyan d s t htzo £ £ , & a> - * a* £ t>* t ju ~ ~ v a 

© 8s AO a « ± izE © d 1 t W\ a V , V^**>"^A (Mg) ©S*Dl*M. 0 0 m o 1 % t & 

& i5 , S^;V 3 ~ A (Zr) J: 07 ;1/ 5 - ■) A ( A 1 ) OiiSDltt I C P ( Induct! v 
ery Coupled Plasma ; 7 v XT ft #*t) fc «fc 9 # At L T # £ ft ft <1 ~C fe 0 , V ^ * 

a (Mg) ombnmi±m^mK&ic£t)ftffii,Tmz>tLrcmT'3b2> 0 

[ 0 0 2 7 ] 

O^?, ±jS0J:5lcff8?ftft*iEigftKa l~a6, x 1 , b 1 ~ b 6 , c 1 ~ 
c6*J:tfd l~d6*ffi^T, <:ft£©#IEffi?g'i%St#8 5lCSg|5T*, lifflt Ltd 
K jRt»5fc*< 1 0 KSgPT? . et»JkbTO*U7-Mte = y ( P V d F ) »*tf5Jl 

ftffi fc ft S <fc 5 tcrg^r L T , jE1^5fl*ffaLft. # & tx ft IE ®-&3'J * N - * 7- 

;b e n 'J KV (NMP) i: 1^ LT IEIX 7 ') - t L ft S, COEiX^'J - 2 

0 m©iEilt# (T/H-'JASS^S^tiT^S-fi^SS) OBffit Y $ & ~ ~T 

, sttP-;u*ffl^Tmje©»» ( « * tf 1 7 0 (i ra) t * * $ T- j± m u , m £ rf s cm 

ifltf 5 5 m mT*. g?*' 5 0 0 mra) icHlRLT, IE « 1 1 * * ft ^ ftML fto 
[ 0 0 2 8 ] 

f (EC) i: 5? x ^ ;l/ ft — # * — h (DEC) 

(CL i P F 6 ^ 1 *;l//U v h^SSLtilLfttitilScl'KlILT, 3 0 OmA 
©*ffil^-hTft*bfcl»0«ti!^i&*7nyhLTft*ffl£*3|ii&fco tit, IE ® ?§ 
tlx 1 ^ffl^ftiEI 1 1 Cfe^tti, 01 (a) fc^fi^t, 1 2 5mA h/g#I 
O^WftUfcfflHs^fcSH-r 3 gffijSH #K«> &nft„ -73, iEIStla l~a 6, b 

1 ~ b 6 , c 1 ~ c 6 itf^ffl^ftEi 1 1 tfe^Tti, 01 (b) fc*tJ;?fc, 1 

2 5mA h/g#iao5tli»fi:ti<E^{cEat5g*jSii^i6e>ft*!()^ft, ft & , 0 

1 (b) BEIiSiSa 3^ffi^ftiEI 1 1 OJttftf ?:/TLT^§tf, iElfitla 3 
%i<iEIiSftIa 1 ~a 6 fe'<t tf b 1 — b 6 , c l~c 6*ffl^ftiEIl 1 tfe^Tfe 

» fir m m ft ft « ft m # f§ 6 n ft o 

[ 0 0 2 9 ] 

2 . ft @ O M 

$ ft , 5c«5HIB«a5|c^9 5ftaSR-P, 8*akUTO*'J7yftK= , Jfy (PVdF 
)f&5fca<5JC«»i::a:S«fc-5fcffl-&bfc&, Ctl*N-^f;HfD'J (NMP) fci 

Bf&Lfco iin^lg^^^ft^, ffi*6a-;I/:&fli»,o-rffi£<Off# (Ixlil 5 5 m ) lc 
45IT-ESI, m^TfS ( ffl fc? m W 5 7 m m T , SStf5 5 Oram) ic^SffLT, ft 
ft 1 2 ft Si L ft o 
[ 0 0 3 0 ] 

3 . **M*r*tlloftll 

o^f, ±SE©«fc-5fcLTfE«LftiEttl 1 fc & m 1 2 i: * m ^ , cn^OHt^'Ji 
^UVSilfiS^TLglfrS.&S-fc^l'-:* 1 3*^-«ES-&TMfa-&t>-&fc«. C ft £ # 1 1& <3 
«fcJ:9M##fc#lHlLT»#tt«8it¥*:fESS!Lfco C <0 Vk , W 2 tc jjK ? & *> ic , 

iiffoiTtftifnifciSH, 1 4%Eiuft», cnsosfstissfnf 

fC^Pg|5J;t)JfAbfto O^T', ii^^l^iDtl 1 2 ± t) Si tb ? ■§> ft 1® U - F 1 2 a 
^ntffi 1 5©rtgfflti§SLfto — 7? , ?fl#tt*ffiSOiEai l<J:t)5£UJf5jEffiy — 
K 1 1 a 3: $t P ft 1 6<Dli* 1 6 bCTffitSgLft. 
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[ 0 0 3 1 ] 

C <D'&, ?t8ffi 1 5 fitXf-l/>*-#^ - h (EC) t f J X =f- )\> tt — sj? * — h (DE 

o z&zmftmm-etmmfc l i pf.si^^/^ h;H8SLTisLftt«t» 

Lfto O^T*. fl-Sffi 1 5<DMP8Pte3p'jynl?Uy (PP) IS!T-P3iStt<D#X 
y -V r- 1 r^KB-T^^ilttc, Z.CDJjX'ry b 1 7 © 1*3 SB £ $rf P ffc 1 6 £ «t S L fc 0 d 
© & , ^ ffi 1 50§BPWO±«ll8P*rt^*c^LftS«:i:»c«fc»3i*PLT, It W. # 1 8m 
m T* , (fi?) 6 5 mm t'KH-§ltf 1 6 0 0 ra A h ©^?J<tigf i 1 0 (Al 

~A6, B 1 ~ B 6 , C1-C6, D1—D6 (fib, D3!iB<) feiffX l) %?-n 

[ 0 0 3 2 ] 

C ilT', ESiStlSa 1 *ffi^ft^*t(SSli%t?l!!A 1 tL, Ilffiftla 2^ffl 

^tc#7knM9.nm*mm a 2 i: u, iess^x a 3*fli^fc#*w8PKw?i!i*«?fiA 3 

£L, IE««l&Ka4*J3^;fe#;!Km»StWift*«?fiA4i:L., lEttiS&StaSfcffiVfc 
|^7j<m»?Kltffl^«?fiA 5 t L, EliStSa 6?:ffl^/i#7KlS»li^S«A 6 t L 
fto Sfc, iEfiiSttKb l *ffl^ft**t)BJlt»*t»B l kL, -iESSIilX b 2 

^rcft7}imMS.mm%nte b 2 t u, lasMb 3^/3^7-^ 7k wm^mmb 3 

k:L, ]E®S^Kb4^ffl^fc#7K«8IK*M%«jttB4i:L, iE«}S8jJtb5*fl!^fc 
^7k*f!i?SttM«?fiB 5tL, IESSM b 6£ffll^/c:^7j<lIjS?«mM*i<fiB 6 tL 
fc 0 

[ 0 0 3 3 ]. 

gfc, jESStKc 1 *fflV^fc**tSJlia*t»C 1 k t, EliStSc 2*ffll> 
fc^MK^^K^jtt^HH&C 2 tL, IE @ S K c 3£:ffl^fc:2E7j<mftm«? 1 te ; &m? I i5C 3 i: 

7i<mms.nm*nm c 5 i: l , insist c 6 ^fc^7j<mfi?»mMm?fi c 6 k tfc 

„ S&IC jE«S*Kdl*fflVfc^**l*Jt«?fi*«»Dlf:L, iEIffiftld 2 

^rc^yHmmnmrn^mmD 2 tv, iiisftid 4 ^ m^rc^7i<mmmmm^mmD 4 

i: L, mffig«jJ?d5*JB^fc#3jcmfiiKm?lS*«?ftD5i:L. iEIgftld 6^ffi^fe 
^*tIJlti41Jl!!D6kUft. Sfc, IE«S«I«xl*ffl^fc|f7jc«filKm?i!l«:*«! 
X 1 k L ft o 
[ 0 0 3 4 ] 

aft, ItPft 1 6tiIEffi«B : ?i::a:3jEffi4 ; +-)':/l Bat, j^S 1 5<DP^Pg|5^:t=f± 
•t^,m.W I 6 b i*I^n^o fit, + 7 7 1 6ati»l 6 b^f. 

& 3 &f P {* 1 6rttC, W ^ ft ^ O # X EE # ± # L T fiff ^ 18 £ JE £ ( 00 * fcf 1 4 M P a ) 

icm-? % tmfc-? % mmm^'i&gtBts. i 8 1, um&±m? % t s ptc 

(Positive Temperature Coefficient) if 1 9 tfE8?4lt^5o cnti 0 , H iti ft 

fcawift^^nTSHf^^jfta** s u § t , ptci? 1 9 afistffltfti*: ltss*»e 

£ M '> £ 3 o IU, *fflrtS5«0;ifX£E#±SLTffi£<D385£EE*» (i^S l 4MP a 
) W±teS:* t SfWteWft&J&ffi 1 8 WILT, agltMMM 1 8 tlft l 6 b 

© j$ ft 5 » w 2 n , jS«M*«^ii^*s«Sit^ii8(f?n«cfcdtc^:5o 

[ 0 0 3 5 ] 

4 . * m n is © w £ 

(1) jfeWiEffiOfctftfr ( D S C « fcBfl & © © SU £ ) 

O^t', Ctl5<D#llA 1~A6, B1—B6, C1—C6, D1—D6 (ML, D 

3t±^<) feJ:t>*X 1 5:ffl^T, 2 5 °C <D *I « T* , 1 0 0 m A O^ttiSiit', tit 
EE # 4 . 2 V(cft§STttSSlbfto C <D & , tn^CSti* F7^^7^X^7 

#ftSLTIEffi£&t>fcBL, 5> ^ ^ ;U 2; - * * - h T- jjt L , XSKHlTKHfr *ffft. 

£ tl <E> (DHUfcK 4 m g Kjtt LTXf b £ 1 m gtinXfcfe, T ;V~t>mffl% 

TT'Tjuz-<yL.m<D-t;wicmn Lfco o^f, iinso-fe/i/i&^isiiitt (ds 
je (d s c^iissigs) * m 5E -r § t , t ta <o & 1 tc -r * a ts m t * o jt „' 
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[ 0 0 3 6 ] 

( 2 ) m m®m 

g ft , Ctl^SliAl~A6, B1-B6, C 1 ~ C 6 , D1—D6 (1L, D3 
t± fifc < ) feitfXl*ffl^T, 2 5tO!gSi«T, 1 600mA (1 I t : I t tt £ 

§a c m a h ) / i h ( m rs ) -z? a ar n * » « ) osui?, « » * ee *m . 2 v tc % 

SS-e£«MaS*Lfc«, « fa ® EE AM . 2VO$IIT^ltiI* , 3 0raAt:^5JT' 
5£ * EE ft « b ft 0 C © » , 1 600mA (1 I t) ©jS&*«i5i[-emfa«EE# 2 . 7 5 Vt 
i: -5 ft » * * 1 0 J£ fx T . tt * B9 IB 6 1 If'f^HoatS 

[ 0 0 3 7 ] 10 

( 3 ) n.ffi'\tm 

fflMlC , tnSOStiA 1~A6, El—Be, C 1 ~ C 6 , D1—D6 (fib, D 
3 It m<) fclffXliffi^T, 2 5°C©)SgIST', 1 600mA (1 I t) © ft « « 
8t T* , ?ft tt JEE #4 . 2V»C3S:;&£T*j£*Mt*fc*Lfc&. « fa EE #4 . 2 
«±1S^3 OmA t^^ST£lE5tlL?io C © f£ , 16 00mA (1 I t) © JR * 
« 8Sf T* « fa « EE # 2 . 7 5 V & £ $ T* «■? ■& , C tl* I V 4 9 to E VfttSlU £ Lit B 
l^t, 1 6 00mA (1 I t) © ft M M Wl V , * fa « ffi *M . 2Vfc:&£3:T-5£tt?Jltft 
n.Vrc'&, n fa H JE #4 . 2V©5£ltEET8l±miJ&#3 0mA{C:k£3;TS« 1 Eft«bft 
o C O « , 4 800mA (3 1 t) ©ffi[««ffiT-Bfa«EEtf2. 7 5 VfcftSStttl? 

tn^2t^^;no*sti:ifc 0 o^t-, iy-^?>i'B<Dffl.n®micft-?2>2-y- 20 

^^;bg«S!lgiiOJt$ (%) ^rft^ttig (%) i:LT5t<46«^, T IE © S 1 £ ^ "T «fc 
[ 0 0 3 8 ] 

(4) 2 5*C3tffl[*-9--<^7USaiKI^* 

3; ft:, ctl5©§tiA 1 ~A 6, B 1 ~ B 6 , C 1 ~ C 6 , D1—D6 ({lb, D3 
ti Rfc <) *iIfXl*ffl^T, 2 5°C<DSS«IT', 1 600mA (1 I t) © ft «« % 
T* , « fa * EE 4 . 2 V(C%«tt'^t«StLftt, W ?fl * £E 4 . 2 V © S t E T* ^ 
iliS5^3 0mAlc45SfSlff?tilf;o t © & , 1 600mA (1 I t) Ofttt 
HE T* « fa « EE # 2 . 7 5 ST'lKf ?t, tt!?: 1 ^-f^/HO^tttlft,, O 

t^T, coj:9S^St% 3 0 0 t-i'^;H?ILtfii,\ l^-f^ji/ 30 
t* 3 0 Ot-f *;HO»tSI©Jt* (96 ) «: , 2 5°CT-©ft#t«+>-'l'^;l/SM*tl#^ 

(%) tLT|i65i:, TfB©a 1 fc ^ f «k 3 a IS* * o ft 0 

[ 0 0 3 9 ] 

(5) 6 o vftmmv- frwmmwm 

g ft , iinf.©Sl«A 1 ~A 6, B1 — B6, C 1 ~ C 6 , D1—D6 (|L, D3 
fcfcBfcOfc.fctfXlfc/B^T. 6 0 °C © ^ S H it T , 1 6 0 0raA (lit) OSflS 
T* , » fa « EE AM . 2Vtcfc«3--C£«SK3EWLfc&, « fa * EE 4 . 2V©£«EE?» 
£t)Stf 3 OmACSSS-PStE^tL/c. d © & , 1 600mA (1 I t) © #t » 

T* M fa « HE # 2 . 75V(C4«STtti?'e, ZL tl* \ V << t B (DfttkK £ \s tn o 

t« SOOt-O^lOfttSIOJt* (%) * . 6 0 t CT'O?tiS!tt)-^^;l/gi$|j|$ 

(%) J: LTSfcS t, T f B © S 1 titi^ftSSt^^fco 
[ 0 0 4 0 ] 

( 6 ) ftttrt gfl^SISMlfc 

$ ft , tneoStJfiA 1 - A 6, B1—B6, C 1 ~ C 6 , D 1 ~ D 6 ({lb, D3 

It ffi < ) feiffX 1 ^fnftll OifOffl^T, 1 600mA (1 I t) © ft * * iffi T* 

, « fa H BE 4 . 4VfC*«*T3e*iJKft11bfc», « % « HE # 4 . 4 V©HEff?lh 
fSitf3 0mA(C^5$f£tE«llfto C © m , ii* , 3mmO«HOW*StH!!(0 

+ £«#ifitii?^, « fa # *» m b ft « tc h # t fj 5t -r § ft * rt si5 s m u m tt n ^ . m 

tit©5i£b ft TEOSl £StJ:^4<S*t4oft, &*5, ffl It © © fa 50 
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[ 0 0 4 1 ] 

( 7 ) m «s ^ cr> m m 

Sfc, §tiA 1 - A 6, B1—B6, C 1 ~ C 6 , D1-D6 ({lb, D 3 Ji Rfc < ) 
£> £ t>* X 1 ^5tSt*Ufc^, ?t V » # 1 2 5 mA h / g it id <D ftikM ft - 7 lc lc 

ms^ zri rem m *) ^l, s ft £ # & £ n & ^ ft *§ ^ ^ *i $5 ^ 
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[ 0 0 4 2 ] 

±ES 1 oaifrSWB^fti'plC, T ^ * 5/ * A ( M g ) O ftp a ^ 3 ^ ;U h fi fcf 
LTO. 0 1 m o 1 % « ± ft * t . D S C % Nft PR & Jg ( °C .) ± b , 2 5 °C , 6 0 50 
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tt*© 3 0 0 ^i'i';l/t©SIi»$ ( % ) fr MM ic ft ± L X ^ -5 <: i: fr ft fr 3 0 d ti & 
, ■=? y * A ( M g ) <D ^ in II fr 3 A ;b h S fc: *f L T 0 . 0 1 mo 1 

Ull (b) tC^^n^xt^t, Slgi^l 2 5m A h/g^ifittli^tfMIJJtl, t3 
H « fr S 3£ it 2 n fc & t ft 1"J T* fr 5 o * C X . JtlSltf 1 2 5mA h/gftiST-X 
H HI fff filli * ft o fc t: d 5 , IfflX 1 Cffll^tiftiEiSftlx 1 it A 7j A 36 £ J£ M A 

[ 0 0 4 3 ] 

h d 3 fr , tiSA l~A6tffl^5nft£8iStlla l~a 6tfe^Ta, Hi (b) 
IC & £ tl 3 <fc ? £ , fi K fr *S < , A 73 A 36 « i: 3: T~ 3 C t fr B)l £ fr & o 0 & *5 , 
V ^ * >"i? A (Mg) ©SiDi^3/^V hitcMLT 4 . 0 0 m o 1 % Ji* ± Ic & £> £: , ffl 10 

»m«fr{ftTT s 1 1 *, ic, ft^i#i4fe(ST-r * «fc ? teas„ cn^oct*^, v?* 

•> A (Mg) OliDllin/^nilC^tTO. 0 1 m o 1 % ± T* 3 . 0 0 m o 1 % 

JWTteMffl-raotfffi: b^tt^ c tifx % % a 

[ 0 0 4 4 ] 

|5HH , 7 ;U 5 - >> A <D *P * fr 0 . 0 1 m o 1 t, DSCSSfftlBft&iafi 

CO fr ±m L , ■ BPSf&SSS&ttfigfr |rF-±-T S-d i: fr #fr 5 S ft: , 60iCf<03OOD- 

-r^;b^£D§aft1t^ (%) ^IlK^l±ltl/^tt*^^5o C tWi , 7;l/5^^A 
(A 1) OSIlDiA^M;l/M(C)ltLT0. 0 1 mo 1 %KllC%§t, 0 1 (b)(c^ 

Sns<fc-5te, ItWmmi* 1 2 5 m A h / g ittT ffl«Slfr # »IM S tl , « ft * it fr K £ ft 

s n fc «> t ft so ^? # -s o *BKira3t**«W5S"eoxiBiigsfffffli*ff-3fcfc:c5. ffl fc 20 

3£ fr % < , ST'feofto ftfe, 4. 0 0 m o 1 % £A ± <D )]Q % ft o £W.m<D 

mm^mifl&T'? %> o L fcif X , mW&ffillQmit 0 . 0 l % ~ 3 . 0mol%T&3fc 

[ 0 0 4 5 ] 

3: fc , ±IHS 1 ©gS*^W?>^fti 5 (C, Zr (0. 5 m o 1 % ) iMg (lmol 
% ) C^5:iiDLT, 7 ;l> 5 ^ ? A (Al) fr mffihU <D JEMlS % « a 3 * ffl ^ fc ttffl A 3 

ic*^t(±, DscsuRffissiascc) fr i 8 5 °c x % m p*j as s is a -m ?g £ ft fr 8 f@ ^. 

^ Z. £ fr # fr £ o C tl 14 , IEffiJS%lKte7 , ;U5^^A ( A 1 ) fr jgs AP 5 tl X ^ t , D 
S C RJAMtefitt (°C) fr{g<*oT, JEffiCjft^^tt^fiTLfcfcfetc, ?t W ft g|5 5S 
g#f§£ftfr^<:&o/ci:#*£tl3 0 30 
[ 0 0 4 6 ] 

CtUC fcfLT, Zr (0. 5 m o 1 % ) ^ M g ( 1 m o 1 % ) t A I (0. 0 1 ~ 4 m 

o 1%) (DffijjifffihuzrirciEMiiBVonc i ~ c 6 % m^r^mm c i ~c 6 icfe^rtt, 

?t»l*Ii$5S*8fl1irf§£ft fr 0 fl £JI1Sfrfg£ l/T^40 C fr^-fr -So Cftfct, 
lEjtfLTZ r CO. 5 m o 1 % ) t M g ( 1 m o 1 % ) i: i: t IC 7;V 5 - ^ A (A 1 ) 

fro. o imo i %«±^4o?n§t, d s c ?g mm ^iSS ( "C ) fr 1 9 1 t) U ± ± ^ 
LT, jESOjaS^tt^ l^±b/fcfeii>i:*Ae.n-5oflL. Wi'teceo.fc^fc, n ;l/ b 
l(CjttbT7;V5-^A (A 1) fr 4 . OOmo 1 % 7£ ^ ftP S tl fc iE ffi S ^ St c 6^rffl 
i/^S t , DI§i* s iTt*o d <D fe * , 7 ;b 5 - >> A ( A 1 ) OiJoltin/Wl/HK 
ft L T 0 . 0 1 m o 1 % JW ± T? , 3 . OOmo I %KTtClWt § © A^fff J t ^ •? C 40 
t fr T* * * „ 
[ 0 0 4 7 ] 

S fc , ± I E ^ 1 O *S * fr 5 9J3 6 fr * <fc -5 , Zr (0. 5 m o 1 % ) tA I (lmol 
%) OS^ilfflbt, v^^-^^A (Mg) fr*R?gstocDIE1lS^Kb3^rfflt^fc:*^B3 
IC *5 l> T (i , DSC^^ij^iSl ( °C ) fr 1 8 8 °C t {g < X % W. » S l& A US #§ S fr 5 

mtg^ztifftfr** £ tu4 , lEfiijg^stcvy^i'^A (Mg) fr^ijo^nri/^^ 

i:, DS C»MRttIA CO fr{g<^oT, IE « O )Rl S ffi 'If fr (S T L It fz &b ic , ftUrt 
[ 0 0 4 8 ] 

C n t S L T . Z r ( 0 . 5 m o I % ) (C A 1 ( 1 m o 1 % ) t M g ( 0 . 0 1 ~ 4 m 50 
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o i % ) com?5 ttWituz nrcjEmfeifan 6 i~d 6 ^s^fciiD 1 ~ d 6 ic & ^ t a , 

(Jti&nv ? jis^mmn^) &&i±\,t^%c £&#&z a tnii, a ^Ki- 
rn Ki tt b T Z r ( 0 . 5 m o' 1 % ) fc A 1 (lmo 1%) tHtvy^J/^A (Mg) 
# 0 . 0 1 mo 1 % W ± ffi 1m £ n fc IE H r§ Jt d 1 ~ d 6 ^ffl^fcliD 1 - D 6 Ic is to 
ttt, D SC^iftMteiSS (t) tfl 9 ltWlKiilt, IEH<D#&$5£14;Vfq]± b fc 
fcJ6t#^P.n§ 0 fib, S?fiD6©J;^tc, 3A;L-HKSLtvy^->') A (Mg) 
#4. 0 Omo 1 *^t*SlD2nftIiiSeHd 6%ffl^5k, * ft* fg T T £> o C • 

(Dfc&b, (Mg) ©SiaItta^;l/HfcWbTO. 0 l m o l % fi< ± T- , 

3 . 0 0 m o 1 % JM T K M M f * © # » £ b t,> fc I/- 9 C £ W V% % . 10 
[ 0 0 4 9 ] 

5 . 5? ;P =3 - £ A ( Z r ) (Diinltco^t 

O^T*, ^;l/3-«j7A (Z r) CDWi1mmiC-D^T &Lm b fc „ C T? , nn/HltflL 
T , T^'^v'H (Mg) © ^ in S *M . 0 0 m o 1 % T» , 5? =i — •> A ( Z r ) © in 
M fts 0 . 0 l mo 1 %*:&3«k5tc-frJ#£nfcIEffiS«&K«:IE«SttlKa 7 fc b , ;l/ n 
:c ^ A (Zr) (OmtaMff 1 . OOmo 1 % i: * 5 i ? ft fciEffiiSftS^ESiS 

ftlla 8 tlfto £ fc , 7y^J")A (Mg) OiiOitfl . 0 0 m o 1 % T* , 'J )\/ 3 — 

A (Z r) O AO * 7b^ 2 . OOmo 1 %i:«:*J:d»c-&^*nfeiEffiS%m%jEffiS«» 
Ila9tL, *J *3 - A (Zr) ft<&^i&nT*^j££ftfciE&S^S£lE8sS!fegx2 

b o 20 
[ 0 0 5 0 ] 

g fc , 3 /< h M. *f b T . 7;V5if i (A 1 ) OSjtPltf 1 . 0 0 m o 1 % t 5 , *? 
;l/n-->A (Z r) © &s AO » ft* 0 . 01 mo I % £ & % £ o IC 1% 2 ft K JEmft%3 M. % IE 
liSMb 7 tL, i?^nri)A (Z r) ©SiBlA' 1. 0 Omo I % t45 <): ^ 
£ttfcIEffiJSftl9t*iEffifS*&«lb8fcLfco S fc , 7 ;V 5 - A (Al) © » An * ft* 1 . 
0 0 m o 1 % t? , 5?;1/3X-)A (Z r) OiJ)Di^2. 0 Omo 1 % t45 <t 5 fC^^J 
nfcZEHSt)K^iE®!gt)K«b9fcb, 5? ;1/ n - ? A (Zr) ft^^SnT^fiic^nfciE 

mmvonziEmmwsny £ b fc „ 

[ 0 0 5 1 ] 

HKM LT, V ^ * A (Mg) fcJjtfT/l/S-^A (Al) <Dffi 30 
iBiib'fc fet 1 . 0 0 m o 1 % T , ^;b3i-J?A (Z r) OiiDl^O. 01mol%fc 
ft*<fc-5fe:-&^«nfciEffiSft>St*]E8iS*aJtc7i:Lfe < , Sft, v ^ * ^ A £ l>* T 7 
;l/5^£A©i^jbn*&±x!i©c7fclRl8tT, i?;l/3c:^A (Z r ) ©iStai^ 1 . 00m 
o 1 % fc & 3 «fc 5 ic&mz nrzJEMmVBf£*]EMi£yi>n c 8 £ b , v>' ;b 3 - <> A (Zr) 
© 8s An » ft* 2 . 0 Omo 1 %fcfc<];3fc£rJ5!SS'ftfciEffi}£&St*IEffi?£14jR*c 9 fc b , 
7;1/5-^A33«fcl>*^^*i<'^A©i8si!jngt±±^©c 1 fc III 81 T , i? )V 3 — A (Z r ) 
^flHSita"e-&fiKSnfciEffiS»*iEffiffiWK z fc bfc Q 

ft fe . ± a£ fc |SQ tit , ;U 3 - A (Zr) j; ff7;l/5 - ^ A (Al) © An ft fci: I 
CP ( Induct i very Coupled Plasma ; 7' 7 X "7 58 ft ##t) J: 0 # «f b T ft ?> ft fc fit T £ 
5, V ^ * A ( M g ) OSi!nittH : fR«aKJ:0»«rLT»5hft«?fe5, 40 
[ 0 0 5 2 ] 

Oft?, iin?)©#llgila 7~a 9, x2, b 7 ~ b 9 , y, c 7 ~ c 9 , z 
ffl !/■> T . ± #5 fc 13] tiHc IE t& 1 1 * flF §5! L , C © IE t& 1 l^ffl^T, ±3^fc|B|«te»W§a 
tfl 6O0mAh©^7j<tiItii 0 (A7-A9, B7-B9, C 7~C 9feitfX 
2, Y, Z) fc^n^ftftiSbfco CCT, iEag«jKa7*fflv^fe^7j(*tllS«lfi** 
«A7i:L, IEffigWKa8«:fflv'»fel^7k*<S¥ll*?a**?aA8i:b, iEiffiftla 9^: 
ffl fc 7j< « 8? M @ iti £ « iti A 9 fc b fc o 3: fc , IE®rgMb7£rffi^fc^7j<tt8?K*)<ifi 
£«?t!lB7fcb. JEffi«toKb8%JBv"fc^7j<*#K«?fi**?fiB8fcb. IE IS g US Kb 
9 * ffl ^ fc ^ 7j< W m K « itt * * flfi B 9 fc b fc o * fc , IESiSftJtc7*J3v''fc#|£*ttjgM 
«?P3^tt?UiC7fcb ; Effifg«nKc8*ffl^fc|p*«fBKIt?a*«?lfiC8fcL. lEffirSt^ 50 
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, y 5rffl^ftl?fiX 2, Y lc ^ T ft , 3 0 0 it << ^ A> '<k <D 2 5 °C *5 <fc 6 0 "C <D § fi 
mm&tfi&T l/T^5 d $ ft. t * f -7 A £: (Mg) i: 7 ;l/ 5 - ^ Z> (A 

1 ) OiSTJiCSJPSft. O i? )V 3 ^ -7 A ( Z r ) tfftt&jbaOjEff&feftz&ffl^fctttt 
Z fc fc ^ T ti . 3t«fca5J®»H1S$8£Stf8fflc:£^c:c:*>K:3 0 0 t^^H<O2 5 °C 
feJ;Cf 6 0°Ct'O§lijf**MfiT tt^5 t t^Tlft^o cntt, IE S 7§ to K ->* ;V 3 

- >> a (Zr) Nissan ? nt t , iSftJUttoittt^K, s *§ tt ^ 31 n at <d m so 
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EJS#XA-XtejifTLai<fc'3, 2 5 °C £> £ 6 0 °C T* CD ^ » *£ }f s£ *M£ T b ft i: # * 

<b ft 3 c 

[ 0 0 5 5 ] 

— 7? , 3 A ;U h « ii b T ^ ;b 3i — £ A ( Z r ) 0 . 0 1 m o 1 % W±$*0?nfeiE 
@r£^Ma3, a7~a9 ( b 3 , b 7 ~ b 9 ) £ ffl <^ fc * M A 3 , A 7 ~ A 9 (B3, 
B 7 ~ B 9 ) fcis^tli, ftitti*J:0' 3 0 0 *^^;l/fO2 5t, 6 Ott'Cgli 
fip m ( % ) Ip] ± b T d f: # # * o b b ft £ , •>* ;l< 3 - ■) A ( Z r ) <D S *D M 
^3/OVhi{:JsfLT2. 0 Omo 1 %iiO?nf;iEIg« a 9 ( b 9 ) * m ^ tc W ffi 
A 9 (B 9 ) fcfel^Ttt. DSC^^&IPflteiSJg CC) A'fiTlTiSSttA'fiTt 5 t t 10 
fefc, SlW^M'MfiT-fi.i^fcft^o cnsocfefrft, ;U 3 - £ A (Z r) CD 8* #P 
lan/^VHtJtUTO. 0 1 ra o 1 1 . 0 Omo 1 %KTtifflt5©)!) ( !? 

[ 0 0 5 6 ] 

g , v ? * 2 A i: ( M g ) £ T 7 ;l/ 5 - £ A ( A 1 ) OiSA^ia ?n, 

(Z r) tfiilin?nftiEIigi«c 3, c 7~c 8%ffl^fellC3, C7-C8 
Cfe^tli, 5t*rta5S*SS#«^^[^Ojii:S^^fg^bTi/^^i:i:fe^, 3 0 0-9" 
^^;l/^O2 5°C*5J;D*6 0 o C^C0^*li#*^[p]±bTt/^;ii:^^-A^ 0 en tt , 3 
^/l/HtSlt^/bn-^A (Zr) ^0. 0 1 mo 1 % &l ± Wi M X ft tz. IE M fS %Hg. c 
3, c 7~c 8^ffl^fctMC 3, C 7~C 8tfe^T(i, S%KO#«tt« t lRl±f*ei 20 
t T* SlSm^tilS^f CD ISiUg cd IfftfSaj n fe t t t>lc, t S £ J5 XA-Xi:&!) 

( Z r ) # 2 . 0 0 m o 1 % ft if ffitia Z ft It IE M ?g ft « c 9 * ffl t 
, fflffltltfffiTtSo Ccofcib, -y^nz^A ( Z r ) CD j$ fcp S ii n ;b h fi *f b T 
0 . 0 1 m o 1 % U ± t* , 1 • OOmo 1 % WTtlfflt 5 <D ^ ? c t t' 

£ « o 

[ 0 0 5 7 ] 

±^Lft«tcfe^Ttt, ^ n n h ( c o c o 3 ) -a- m. m lc *J )\> n x r> A ( Z r ) t 

v^*S">A (Mg) cn*J»^»PS*Ste:J: 0 5^71/3-^ A*«ttfT^ 30 

*^£ASs;trafiDraiH[:H=iM;t/h (Co 3 o 4 ) % f# , cnicKI'Jfn (Li 2 co 3 ) 
^gsiPb, ^Sc LT i 7 ;^ z ^ A* J; AillPO 3 h i U f A (L i C 

Oi- x M x 0 2 (M=Z r, Mg) ) CD jft $L Vf t f £ 0>J tc O T Si 8J3 L o CCT-tt, V ^ 
*S/*>AO«ttj»ftlJ»Jftfco^T. ttTt^S Lfe. 
[ 0 0 5 8 ] 

CcDfcfe, K^3iA;bb (C0CO3) j£ B# fc 31 ^ A (Zr) 
, ci n*Jft»#PElSfc «t D S^;l/3i ^1 A»i4n<OEg»{tH 3^71/ h (Co 3 0 4 ) £rt#fc 0 d 
cDi^febT, ri/^;l/h^<Dffifgll^i:bTv ! ;b3i^^A?^*PCDra^<fcH3i/^Vh (Co 
3 O < ) ^fflSc-rSfcfcfefC, U^^A«CDtB^MSi:bT^^U^^A (L i 2 C0 3 ) £ 
m M b fc, o^f, tn^'J f ^Afcs/^l/hOt^Jt^ 1 : 1 ft 3 <fc 9 M b T 40 
ig-&bfc&, Alt LTSftvy*^^ A (MgO) %*0^.Trl^b 

t 0 o^f, s&ftftfflt»%aaf ?8 5 oic-ez oi$iatt«LT, & i\> 31 - ■> a *s £ 

Cf v y * >> A *3* *P © 31 A ;b b ® ij =f- *j A (L i C o , . x M x O 2 ( M = Z r, Mg) ) CD 

b fCo 

[ 0 0 5 9 ] 

ft 35 , V s ;l/ 3i n ^ A ( Z r ) CD ^ to ffi (ilffllli I C P (C J; 0 »tf U T i 5 tlft tt f $ 
5 ) ^0. 5 Omo I % T* , V ^ ^ ~> y A O ^ iP ft (W.tn M & IM? ft & IC £ 9 ft ffi L Z 
i5nfciTfe«) *'0. 0 1 mo 1 %fcft3J:?fc^$£n;rcIEaSM%iE®SM 
a 1 0 t b , f J ;l/ 3J ^ >i7 A ( Z r ) (O Wi *JD fi ^ 0 . 5 0 m o 1 % T? , V ? ^. ~> -> A CD Wi to 
mtfi 3 . OOmo 1 %tft3<fc'5tc-&JSSn;fciE«?£1*K*IE«ig1*lKa 1 1 t b fc . 50 
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o ^ t* . ±aj<D<t9Cffs$nfc^Ei)sa«a 1 o, ai i ^ffl^t, ±i&tmmiz 
iEffi^^n^n^KLfca. ±afcisi*fc^zK«»ii-^«?ifiAio. ai l^^nfft 

Mbfco & *5 , lESrS^Ma 1 Ofcffl^fcfcOfcfci'fiA 1 OfcL, IISMa 1 1 * 
ffll^fct><D***SAl 1 fctfco Cfl&GJSfcflfiAlO, AI 1 * fl§ V T , ± j$ i: PI «l & 
7? 3* tC «fe 9 « jtt^'ttS^^rfTO T , D S C 58 J»IHI$&ia£ ( °C ) , #J»§^»(mAh), & 

14 flg ( % ) , 2 5 °c ?t ft m -y- -r * & & m m & m ( % ) . 6 o °c % w. n v << ? & m- m m n m 
(%) , rt ap J® » ant « ^ » («) <k tf*aie#©w*R**-ft* f ft3R*&3 t , Ti5©S3 

{c^-Tckd^lg^t^o/co^fe, T 13 O « 3 tt , Jt»Lft«»Xl, A 1 , A5CS 
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±RS3<J!)J6Sfr6?B6frai5fc 1 ^ ^ * > ^ A ( M g ) €: *S JSE ^ »C 0 . 0 1 m o 1 
% * * ^ J± 3 . 0 Omo 1 %i*0b7c£IiStl«a 1 0, a 1 l?:ffl^ftiffiA 10, A 30 
1 1 tcfe^tti:, ^ <f * 9 ^ (O ffitiU M ifi 3 . OOmo 1 %k^< LTfefl6^^l<4 
Kfctt4<, fro. T^*J/!>A)!(««»ilDOjEiiSMx 1 tffl^ftlSX 1 fcttRb 
T , D S Cfg^^^iSJSfe^Cf^tjSfeWit^ ^;l^Sii^W^fc8Blf&^SfriKft£ft&fro 
fe o * ft fcf fr 0 fr , V ^ * V A © ^ *P fi fr 3 . 0 Omo 1 %t^< LfelSffilSSa 1 

i * ffl ^ fc « ?fi a i i te * ir^ r i± , a? «c ft ffi '14 l£ fr ffi T L T ^ * C fr w & fr fc: ft o ft o 
c o ci t fr 6 , v^^v^^A (Mg) ©jSiDfc J: * rttt^to bfe«-&fci 

fi^t©»f5n*t)^t*fe5i:f^5n§o £ ft tt , l^^^S/JO^n/c^^^^^ A 

* & ft £ o 

[ 0 0 6 2 ] 40 

6. Z r £ A 1 fr JS S ft 1t n ;l/ h m -& K ft Ml © ;l/ 5 n A O « ft Si iD te: 

± i: B ^ ^ , Z r 4: A l *^ iS So S ft fc 3 ;i/ M« * Bf ft * ( L i C o , . x M x 0 2 CM 
= Z r , AD) ^)7;H^n © ttfctSiaSSft* *C T W L fco * C T* , K^n/^ 
;bh (CoC0 3 ) ^ « «p ;l/ n - r> A (Z r) «: « it ^ ■& /t . cft^^^fi?S/S^ 
iO^^n^.'irASStaOfflKftHa/^yl/h (Co 3 0 4 ) * ft fc 0 coi ^ fc LT, n /Wb 
HSodil8IK»fcbT^;U3^^A8S*n©raSfffc:H3/^7i/h (Co 3 o 4 ) SfflStstt 
fe^c, 'Jf ^AlOUi^JlSt bt^l'Jf (L i 2 C0 3 ) «: ffl * b fe o ^^T\ C 
ft ^ U ^ ^ A ^ n h <D =e )V It & 1 : l ic^^J:^ (cffiltSa Lfc^. ^ 6 ^ , 
7 ;b ^ - ? A i: L T m it T ;l/ 5 ~ ^ a (A I 2 0 3 ) in ^ T iS L ft 0 ot^T*, » «o ft 
fcInl^SItt* 8 5 0 °CT*2 0 0f FaliS LT, ^ ;!/ =1 - «> A £5 «fc a 7 ;U 5 - * A gs ijp 50 
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©3^/1' ht'J f (L i C o , . x M x 0 2 ( M = Z r, A 1) ) <DgS/jScf*$r"&J&Lfc 0 

[ 0 0 6 3 ] 

is. is, )\/ 3 - fj A (Zr) ©Sini (^;!raS&ICP&c<fc9##rLTf#&nfcfiiT?fc 
* ) # 0 . 5 0 m o 1 % T- , 7 ;l/ 5 - •> A (D & fin M ( $ fiP ft « I C P <fc K) ft #r L T & 
n fc <fi T* fe * ) # O . 0 1 mo 1 %i:^^>j:^t-&^c?nfcIE1lffi^!/K ; SrIE@}S^Kb 1 
Oil, ^ ;l/ 3 ■> A ( Z r ) <D ^ fin ft 0 . 5 0 m o 1 % T? , 7 ;U ^ — £ A © Wi tU ft # 
3- OOmo 1 % i: ft 3 <fc o nfcIEffig%lK*IE«iS1&JIb 1 1 t Lf: 0 

[ 0 0 6 4 ] 

O^T", ±5E©«fc^tcf^«ISnfc«-iEag«I«bl0, b 1 US^T, _h xE £: H tttfc: 
IEffifc*ft?nfls«L;te«, ±&fcl^«te#*«JiSfl-&«?ftB10, B 1 Uftifti 10 
fls Si L fe o ft *J . IE « }S «l Jt b 1 0 * m ^ K & <D it W.m B 1 OH, lEISWb 1 l^r 
JBl^;fct>«D**ilSBl 1 tl>f:, cn?>©S-WffiB10, Bl l^rfflt^T, ±i4t l^filft 
SSfcitililHSItttJII^fToT, D S C fgJRBflteiSS (°C) , UlSKmAh), ft fif 

etg (%) , 2 5tsftttt^^^§i«f$ (%) , 6 o ^C3ttt«tj- <t ? ^mmmnm 

tiStJ:?4»*ll4oft, 4*, T!HiDa4 fcli, ± xE b It W % X 1 , Bl, B5Cg 
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±gaa40«*3^5W&^ft«t3fc. 7 , ;b5—*A(Al)*j&£j«l»?fc:0. Olmol 
% * IT> fct 3 . 0 Omo 1 %fitaLfeIEIigi«b 10, b 1 1 ?;ffi^f:t(l4B 1 0, B 

1 1 IC^^X It , 7 71/5 — ^A©^jbPS*^3. OOrao 1 %fc#< LTfefflfiU'i<4 

t , d s c fg in ft u m *3 j: t>* ft ft ft ffi t m * ft * » n * s * 5 n ft o fc . s * , 3 40 

. 0 Omo 1 KWlOSsiDTttSJtiSi^ffiTtSilfctf^iBnSfeft, 7;K^^A 
[ 0 0 6 6 ] 

7. z r tMg t a i tfWi fip ft it 3 ;t ;b h *S & ft ^ <o « i± jgs fip o ^ t 

(1 ) 7 ;l/ 5 ^ A © « ft ffi tQ IC O T 
±t& tmWilC , Z rkMgkA 1 WihQ Z ft tz =1 ^ >ls \- & ( L i C o,- X M x O 

2 (M = Mg, Z r, A I) ) ©7;l/$^'>LO«it!S4Q!ailtO^Tt.tWbfto CO 
46 , «? SE =1 A A> h ( C o C O 3 ) ^ B# t£ & to => - * ^ ( Z r ) T 9 * is t> A ( M g 

) *p<i£z**rz'ik, c ft*mi&ffijx.fcte <fc k> ^ =-v At-? >?*i"5 Agsjbp(Draif{b = 

(C03O4) ^#fc 0 C O i: o t L T , 3 ^ ;U h © tti f§ JS ft t L T •>* /U 3 - ^ 50 



(19) 



JP 2005-129489 A 2005. 5. 19 



A t V V * is *J A 1m <D W m. it H 3 M ;U h ( C o 3 O < ) * m % t t & lc , V ? V 

<Dta^m.n t lt m&v f- v a ( l i 2 co 3 ) ^iSLfc, o^t, cft^'jf Ht 

3 M ;U h <D =e )V it if \ : l £4?,): ^tffiLTl^Lftt, £ £ , Alt 
LTift7;H-'>A (A 1 2 0 3 ) £ to T S L ft „ O^T, f# £> n fc S M £ 
T 8 5 0 °C T* 2 0 Bf ffl ffi m. L T , *s ;V 3 — £ A , V ^ * "j; A *3 J: a* 7 )V 5 - ? A jfa to <0 
a /<. )V h m V f- ? A (L i Co,- X Mx0 2 ( M = M g , Z r, A 1) ) <D'|£/&{*3:-&j£L 

[ 0 0 6 7 ] 

% , ^;1/3"H ( Z r ) OiliOi (SiPitt I C P tc J: D »*f L If 5 nftf 
3) % 0 . 5 0mo 1 % i: L , V y 3- f ^ A (Mg) ^*D» (SstoSJ±j!«?PRft&fc:J;t) 10 
##TLT#e>nfcffiTfcS) %1. OOmo 1 % i: L , -S> 7 ;V 5 - ^ A (Al) <0 jfc to 

s (mtmma i c picio^ofiTiisnfttt-pfes) o . o 1 mo 1 % t & 5 <t •? t 

-^fiic^nfcIE^ffitlK^IEISS^Kc 1 OtLfc. PJ « fc: . ^ ;l/ 3 - A (Z r ) <D ?gs to 
H ^ 0 . 5 0 m o 1 % t L, (M g) OiilDi% 1 . 00mol%tU, *> 

07*5-n (A 1) <f ?3s iD M ^ 3 . OOmo 1 % i: 3 J: 5 fc "fr J« 3 n IE ffigftf ft 
* IE ffi g St c 1 1 tLfc 0 
[ 0 0 6 8 ] 

o ^ . ±j£cd £ o icftmz nrc&jEmfe<ms. c 1 o, c 1 i *m^x . ±^tmm^ 
mutt* ti^tittM b tern, ±j&£mmic#7icmffi&.=.&wmc 1 o , c 1 1 * n ^ n 

fls *{ L fc „ & *5 , IE H ?£ % K c 1 0*ffil^fct><D&flt?flC 1 Ofcl, IE H S ft c 1 1 * 20 
i^ftfe£D^tiC 1 1 tlft, tn?.OSl»C 1 0, Cl 1 *ffl^T, ± 3£ i: [lUttl & 

^iifc.fct), d s c »iRPHttaA. 2 5 %%i&m*?-s t frmmmnm (%) * 

f tlfn*J4§i:, T f B ^ S 5 f c "T J: 5 % m i: & o ft & & , T §2 ^ 5 fc: fcfc , ±3$ 
Lfcf i A 3 , Cl, C 50eSt§^t/7ltl-^ 0 
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±IHa50.tt**6W6*^*«t5«C, 7ib^n (A 1 ) tl^Bf^O. 0 1 m o 1 
% * ^ fct 3 . OOm.o I %SiDLftIEiiS«lSc 1 0, cllfcffl^fcMttClO, C 
1 1 *C ft ^ T fcfc , 7 ;l/ ^ ~ ^ A (Al) O ftl fi 3 . OOmol%^^<LTfeDSC 

m m %a urn <o ± ^ ^ m m * ?a * & m £ n & ^ o ft 0 c co c ^ 5 , 7 ^ 5 - ^ a c a 

1 ) to m *P cfc * 1$ 14 5fe # 3ft jK a , ftfct*ttibft»'fr*cfe^^T0*t#6ti*t>0-e*«fc 

[ 0 0 7 0 ] 50 
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( 2 ) V^'^i'^AO^itiilPKO^T 
$ It , Z r tU g fc A 1 *«Sl)D2nft3;Wl'h«^Sftft ( L i C o,. x M,0 2 (M = 
M g , Z r . A 1 ) ) ©Vi'^v'^ijOKitSsilPCO^Tfe^ULfto * d T* , K ft =" ^ 
;bh (CoC0 3 ) &l$miCi? ;U n - # A (Zr) t 7 ^ 5 - ^ A (Al) £ ft £ /c 
C ft£S&#8?j5JSfc: <k D i^l^ A, 7 ^ 5 ^ ^ A ?3s fta © ffl ft ft H n /< A> Y (Co 
3O4) «rf#fco L©J;5fcbT, n h I© tHfillfi i: L t ^ A }: 7;U 5 ^ 

A ?^ ibn © E3 ft ft: H 3 )%)\> V (Co 3 0 4 ) fcfflfc-T&fcfcfefc, 'J =f- £ A M O tij fgfS 5ft i: L 
T ft l> ?" ? A (L i 2 C0 3 ) ?:HLft, O ^ t 5 , Ctl^'Jf ^Atn/^Vh^t;!/ 
fct *M : 1 fcS5i?tcfflbTl^Lft^, £ £ , v ^* ^ i"> A if t LTlftvi'"^ 
$/ *7 A ( M g O ) ^ftlxTla Lfto O ^ t* , W 6 ft fe S * ft % 3S m *P T* 8 5 0 °C T 2 0 10 
B# HI 86 ri£ L T , 5> ;1/ n - <j; A , v y * * A <fc 7 tV 5 - t> A ^ fra <D a ;U h ft U f- «> 
A(LiCoi-xM x 0 2 (M = Mg, Zr, A 1 ) ) ©lEXtt^^fiE Lf;« 

C 0 0 7 1 ] 

ft , s> ;!/ a - 9 A ( Z r ) o ^ in ft ( j^ip a fcM C P tc <fc D # W L T £ ft ft IS & 
§ ) * 0 . 5 0 m o 1 % i: L , Z^S-'JA (A 1 ) ©Stai (Stoiii I C P(e<fc t)^ 
#r b T f# 5 ft fc {fl T £ 3 ) % 1 • 0 0 m o 1 %tl, frOV^*5")A (Mg) <D r2* iP It 

(a&fin«H:ig?Rftffi£<fc9#WLT*fen;fcffi-e;fc3) # 0 . 0 lmo 1 % i: ft 3 £ ? 
fc-&j£SftfcIEffi?graifll*rIE«?S«J«d 1 Otlfto P « fc , 5? ;1/ n =. V A (Zr) O ?3s 
fin i % 0 . 5 0 m o 1 % h L , T/l/S-^A (Al) 1 . 0 0 m o 1 % £ L , 

^OV^*i">A (Mg) OSJlDl^S. 0 Omo 1 % t ^ ^ i 5 £^5!c^ ft fc iEISft 20 
MfcjEffiffil&K d 1 1 fcLfto 

[ 0 0 7 2 ] 

o^f, ±jS©<J:5fc:f£SSft:fe&jEffi?g ! »KdiO, d 1 1 £ JS ^ T , ± i£ i: R tft fc 
iE«* ; tft J Pftfl s «Lfc&. ±3zEi:(5]«{c#7j<*MK-^«? , teDl0, Di Uftifti 
f£ S L „ ft*3, IE^jSto«d 1 0*ffl^ft*>O**?flDl OH, IE @ S to St d 1 1 * 

ffl^ftt«*tiiSDi iHft, tn?.osiiD 1 o, d i 1 * m v x , ±mtmm^ 
^iitciD, d s c 9BMMttfflde. mm®m, 2 5 °c?t^itt>- * (%) * 

^ ft ^ ft « , ~Ff2<£>« 6 tc 7jkT J: -5 ft f: ft o fc 0 ft fc , TIH S 6 fc: t± , ±M 

LftliB 3, D 1 , D 5©^Ife#*tibt^«o 

[S6] 30 











DSC 
(°C) 




2 5°C5£#t 

(%) 


«3i 


Z 


(mol%) 


M g ^P 
S(mol%) 


A 1 

Sr(mol%) 


(mAh) 


B 3 


0 


. 5 0 


0 


1 . 0 0 


18 8 


16 3 4 


9 2 


D 1 


0 


. 5 0 


0 . 


0 1 


1 . 0 0 


19 1 


16 3 6 


9 6 


D 5 


0 


. 5 0 


3 . 


0 0 


1.00 


19 4 


16 3 5 


9 6 


D10 


0 


. 5 0 


0 . 


0 L 


1 . 0 0 


18 8 


16 3 4 


9 2 


Dll 


0 


. 5 0 


3 . 


0 0 


1 . 0 0 


18 9 


16 3 2 


9 3 



[ 0 0 7 3 ] 

±K*6(D|gSfr&?B6a^a<fc5fc:, 7^*^")^ (Mg) fttt«^tcO. 0 1 m o 1 
%S8l>B3. 0 0 m o l96*iJ0LfcIE«iBWJtd 1 0 . d 1 1 % ffl ^ ft « ffl D 1 0 , D 50 
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1 1 tii^TIi, T V % is *7 A (Mg) © ft to S # 3 . OOmol%t^<LTtDSC 

^ OfcjRUtJ-i'* A- fcifciba^tfctfa-fr*. c © d i: e> , v*-*>"j7 
A (Mg) ©fttoK j: « itt$fS&*a , «itiioLft«^c*^T<o&i^n5feo-p 

[ 0 0 7 4 ] 

( 3 ) s> )\> 3 — A © 2k it ft to ic -d ^ x 

IE t>\C, ZrfcMghAl ftto JtiftnA;^ «fcB&{fc«J (L i C o i - x M x O 2 (M 
= Mg, Z r , Al) ) O^^n-'JA^^CtillOCO^t tftHUfto f ^T', 

(CoC0 3 ) £ fig B# V * ^ * A (Mg) tT^S-'JA (A 1) 10 
fcm, cn*»»»E*Sfc«t Dv^i'/^ikZ^S-'Ji ft'to ©ESUtHn^/H (C 
o 3 0 4 ) £#fc 0 c©«fc-5teLT, 3;<;vmofflJSf»i:LTvy*i/i>it:7;V5- 

A ftto© HBHfcH 3 h (Co 3 0 4 ) Srffi 3ft -r £> t i: t> fc , u * AS© ttiSSISSft 

tiKiijfn (l i 2 co 3 ) o^-e, cnst'Jf ^ita/^hot 

;l>i±*M : 1 fcfc* «fc 5 fcfP* bTiB-& bfc&, £ 6 K . S>^3 - f t TiftJ>;V 

3 r. •> A ( Z r O 2 ) %inS.Tffl-&Ufco f# ^tlfti pft^SM^T 8 5 Ott* 

2 0 m H ffi b T , V ;V a - V A , ^ ^ * -> ^ A £ t>* 7 ;b 5 ^ ^ A ft to © 3 h & U 

^ ^ A (L i Co,- x M x 0 2 ( M = Z r, Mg, A 1) ) <D %i J&fa * & f& h fc a 
[ 0 0 7 5 ] 

a *$ , ^ ^ * * a ( m g ) © ft to m ( ft to a tt m ? r ft a k <t t> # w b r # e. n rz it 20 

& £> ) OOrno l % t L , T — £ A (Al) Oft to S (iiDiti I C PKJ; 

0 # #T b T t# 5> ft fc fit T* § ) * 1 • 0 0 m o 1 % i: L , frO^^n-^A ( Z r ) © ft 
AO ft ( ft S tt I C PC AD^ffiLtf ?.nftfiT*S3) # 0 . 0 1 m o 1 
tc-^^^ftfciES^^K^iESStlMe 1 t Lfto P « te . V * £ A (Mg) ©ft to 
S * 1 . 0 0 m o 1 % £: b , ^A(Al)©ftto**l. 0 0 m o 1 % t: b , 

o->*;l/3Z^A (Z r) © ft to g 1 . OOmol fc-^/S^ftfcIEMS^K 
&IElSiS»« e2tlft„ 
[ 0 0 7 6 ] 

o^T, ± j&© <fc 3 fc # £! 2 ft ^iE S e 1 , e 2 3: ffl T , ±$> £ P SI lc IE t& 

*• * ft ^ ft H b it %. , ± JzE i: 111 « # 7j< « fg « - & « » E 1 , E 2 ^ ft ^ ft M b ft 30 
o EMrS^ft e l&ffi^fcfc©«:1i?lSE 1 b, lE^e^M e 2%fflt / ^cfe©^r« 

}tiE2hbfco cntbcD&nmEi, E2%m^r, ±mniBimi3;j3&tc& *> . d s c% 

flftHttfift. MSI, 2 S^ftSt*-*-!'* (%) T 

fe©a7£iti.54SSt:4ofto "F 12 © ft 7 fc tt , ± 3zE b « Z , C 7 , C 

8 0 8*t«f*Til/T^5. 



(22) 
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im. 7 ] 



mm 




DSC 

t& \m 

\ ^ ) 


I'm A Vi ^ 


2 5°C?£M 

\ /o J 


Z r 8s*P 
S(mol%) 


M g faM 
ft (mol%) 


a i 8s*n 

fi(mol%) 


z 


0 


1 . U U 


J. . U u 




1 f{ ^ ^ 

X D O O 


q o 


P 7 


0. 0 1 


1.00 


1 . 0 0 


19 3 


16 3 7 


9 6 


C 8 


1 . 0 0 


1 . 0 0 


1 . 0 0 


19 2 


16 3 5 


9 7 


E 1 


0.0 1 


1 . 0 0 


1 . 0 0 


19 2 


16 3 5 


9 0 


E 2 


1 . 0 0 


1 . 0 0 


1 . 0 0 


19 2 


16 3 3 


9 1 



10 



[ 0 0 7 7 ] 

±ES7CDie** , eil!B5*4J;^li: 1 5> ;l/ 3 =. A (Z r ) * %t B# K 0 . 0 1 mo 1 20 
% * S V> ti 1 . 0 Omo 1 %iiObftESffiiIe 1 , e2*ffltOfc«MEl, E 2 K *5 
t,^T{i, 3 0 0-9--i'^;l/^<73^M*6it^ (3tK«-9">f^^ fels^Lfc^di: 
So C © C t *•> h , i 7 ;P 3 - A ( Z r ) ©SsfcPfc: «fc 3 1$ ft 3fc # «& * i± , # it Sim 

[ 0 0 7 8 ] 

WKOCtfrS, j>*3in (Zr) *3^Hfc»LT0. 0 1 ^ ;U % W ± T* 1 
O0t*%tt"F, ?^^->H (Mg) j3^;l/HtSLt0. 0 1 •=& ;b % _L T* 3 
O0t;V%«T, 7;1/S-!)A (A 1) 0 1 ^ ;l/ % W ± T? 3 

. o 0 ^ ;V % T £ P5 f$ le ft £ 9 ?^ftp § c £ fe £ 0 , tiffiT?;4C5i:!:S<, 
£ » & A £S # 1£ , 3ft)K«^^^^^»ffi^*fe«fe ; af^^14^^3lJ^-rScit^5jBgi:^;S 30 

[ 0 0 7 9 ] 

8 . ■>";1/3X') A ( Z r ) left t> « SISf ©SilOO 

± m l fc #j <^ t « , n^/i'H'jf ■ja c l i c o o 2 ) it m a ft m t L T "J )V 3 

.=. -J7 A ( Z r ) t T 9 % i/t7 A (Mg) S ^ li 7 ^ 5 - (A 1 ) ?:iS*Dt 

T « W L fc . tilfli^/l/n^fA (Z r) icftb^lfi^SiTtit LTf (T i 

) £ gs j&P L fc 1§ lc O T $ W L fc o 

f CI*, ^^3/^;l/h (CoS0 4 ) ?g?Sfc:ffi£*<£>WEE*?-*> (Ti ( S 0 4 ) 2 ) i; 
M A (MgS0 4 ) (fc*^ti«K7';l'5^'?A (A 1 2 (SO,) , ) ) M 

hnLtz'ik, fitMikm-f- V 'J £ A (NaHC0 3 ) ^AD^SCli:{cJ;-pT, R8n;^H ( 40 
CoC0 3 ) Stit&fid- Z > (Ti) i: v * 5/ * A (*5^li7;^-!)A) 3: « it £ 

S-v^A (*> S l^tt 7" 71/ 5 ^ ^ A) tfiSsAP 2 4a fcEa&ffcH n h (Co 3 0 4 ) * f# fc 0 
[ 0 0 8 0 ] 

■0 ^ T* , l Jf l >i.»«)lil«fl(»i:lTK8 , Jf 1>A (L i jC0 5 ) %ffltlft», V f- 
$ A t =1 ;l/ F © * ;u fcfc # 1 : 1 * * <fc 5 fc fP * b o o ^ t- , c n 6 * ¥L T* S * L 
fc ^ , f 5nfcI^ft^$K4>T'8 5 0 tt'2 0^P B 1i^Lt, f - y t V V % is ? A ( 
£> S 7 ;l/ 5 - ■> A ) if m ffi ^ *P ^ n U ^ A # # ^ ^ ;U h m & Wt it %® ( L i C o 
, . x M x O 2 ( M = T i. Mgo rA 1) ) ©««(**^«L/fco C <D '& , ^ « L jft 
^fi^ggtfl 0 /i mt^^f T'S^LTESffiftli: L/io C O « ^ . * * > ( T i) 50 
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feitfY^^i/n ( fe i> ^ li T ;i/ S — •> A ) O igi *n M ( & *5 , SiPia I C PtciO^ 
*f Ltf Snfettf**) A s fnfnO. 5 0 m o 1 % * <£ If 1 . 0 0 m o 1 % ic ts. % «fc 
d K fiK L , C^^iEirStllw 1 , w2tbf:. 
[ 0 0 8 1 ] 

o^T*, ±i6fcra«K:iEffi*f^SHbfc«, ± 3ZE t Ir) tR If * * » M — & Q Hfi W 1 < IE ffi 

rs^iKwi^ffli>fc:fe©) , W2 (iEa?s*smw2*ffl^fefeo) =& * ft € n it m b e 
on?»©tiw i , W2^rffli/^r, ±is h raaft^feK <* , d s c z&t&m tk'um, mm 

# * * 4: . TiacDg8fi:^-rcfc'5^:^^i:^:-pfco * * , T IE © & 8 fc , ± SB b fc « rtt 
8 ] 



mm 




DSC 


(m A h) 


(%) 


2 5°Cft 

(%) 


^CO 


Z r CO 
(mo IX) 


T i CO 
(mo IX) 


M g CO 
(molX) 


A 1 CO 
(mol%) 


CO 


A 3 


0.50 


* b 


1.00 


b 


1 8 5 


16 3 4 


9 5 


9 6 


*L 


W 1 


fc b 


0.50 


1.00 


ft b 


1 7 4 


16 3 4 


9 4 


9 2 


ftb 


B 3 


0.5 0 


* b 


t£ b 


1.0 0 


18 8 


16 3 4 


9 7 


9 2 


ftb 


W 2 


b 


0.5 0 


ft b 


1.00 


17 6 


16 3 5 


9 7 


9 0 


ftb 



[ 0 0 8 2 ] 

± i a u 8 <d as m & e m z & <t ? t , ( z r ) t « * t ^ * > c t i ) * 

8s;taLffc£|^, Ir] C5^iJP«T' 3b o T fe , D S CliP^teiSStf 1 0°CK±feffiTLTl^ 30 
c £ # *>•> 5 o cCCtfrfi, 3M;Ht'Jf ^AtcSljcIfcLTf (T i ) t: v 
* ~> A ( 3 ^ t± 7 ;l/ 5 — •> A ) ^StotSiH, ^^n; 1 )^ (z r) t^y* 
is V A (feS^li7;l/5-'JA) ^rgstnbfc^r^aftSWefeSEifc^^^So $ s -r & t: 

, 3 /< ;V h if U ■> A <D ^ffi fc t£ M ic )V n - V A i: V ? ' * ~> A (fe5l>tt7;l'5- l J 
A) MAn-r -5 i: , L fe £ S (Sf ^ *S H 1£ £r L fc $ £ ) , 2 5lC3fc» 

«-9-W*;i/:&*i£J&* ; S:iRi±£-&3 c i: *< W n£ £ £ 3 . 

[ 0 0 8 3 ] 

•> A ( Z r ) i: y * is •> A ( M g ) s / «s <fc rj 7 >V ^ - •> A ( A 1 ) * « it 5 * 

n$ft!i/fei:tf7;l/;-f A ( A 1 ) # jS Jta £ ft H tt {fc = 3 ;l/ F ( C o 3 0 4 ) 

% m ic -o V X m W b & . 7j< H <k =i ^ ;V h (Co (OH) 2 ) ^ ic V >l n - >> A ( 
Z r ) t7^^->^ (Mg) Jfc«/fcJ;&7;l/5-n (Al) * « tt S -fr Sfc , C 
n^l»i£(5tJ: 0. 3M;UbiiOtB^/^^i: UT<^^';l/3- , j7Ai:-7^^>'>j7A$ 
fc it / & cfc a* r iu 5 - r> a ( a l ) ifi m *n s ft S£ fb = 3 ^ /u h ( c o , o 4 ) * t# § * 

[ 0 0 8 4 ] 

[[32] *fgB^£0|MK«)PM«) , lil^S^^^7?l^^®KLfctt®^1iS6^(c^^-^®K 50 



(24) 
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m *i m T* & o 

[ f?F ^ <D IK 91 1 
[ 0 0 8 5 ] 

1 0 • ■ # TlcWffinnm, l l •- JEM , l l a-Ii'J-K, l 1 2 a y 

— K , 1 3 ••• -fe # , 1 4 •••«»«, 1 5 ffi (A^fiS?) , 1 6 1 

6 a-Eg^+ 7 / (ESS?) , 1 6 b •■■ MW, 1 7 ■■■ *TX y y h , 1 8 - J»«tt9ltt 

m«, i 9 - p t c 
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HJ19 
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